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AT EBBW VALE 
KENT INSTRUMENTS ARE MEASURING 


BLAST FURNACE GAS COKE OVEN GAS CRUDE PRODUCER GAS 
COMBUSTION AIR COLD BLAST COOLING WATER 
MIXED GAS STEAM BOILER FEED 


Kent Ring Balance Recorders are installed for an 
aggregate maximum flow capacity of 820,000,000 cubic 
feet of gas per day, considerably greater than the 
daily consumption of London. 


All types of gases are being handled, including tarry 
producer gas at 600°C. 


Steam is being measured by Kent KM meters. 


The Kent water meters handle a daily total sufficient” 


for a city of half a million population. ants 
Kent “Torrent’» Water The for 
oa . GEORGE KENT LTD. LUTON, BEDFORDSHIRE. London Office: 200, High Holborn,W.C.| clans © 
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Sot! ID METAL DRESSINGS 


MADE BY 


MSKECHNIE 


BROTHERS LIMITED 


BRASS RODS, STAMPINGS, and NON-FERROUS 
INGOT METAL MANUFACTURERS 
ROTTON PARK STREET, BIRMINGHAM 16 Phone: Edg- 
baston 3581 (seven lines). Telegrams: “ McKechnie, Birmingham.” 
LEEDS : Prudential Buildings, Park Row. NEWCASTLE-on- 
TYNE : 90, Pilgrim St. LONDON : 17, Victoria St., West- 


EXTRUDED RODS € SECTIONS > 
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VITREOSIL 


= IMMERSION HEATERS 


PLATING AND PICKLING 


Baths for these operations can be effectively 
heated and maintained at constant temperature 
by VITREOSIL electric immersion heaters. The 
envelope is acid and heat proof so there is no 
contamination of the bath. The material also 
permits a high element temperature, therefore 
small construction. These heaters are in use in 
a large English wire works 


THE THERMAL SYNDICATE LTD. 


Head Office and Works Wallsend, Northumberland 
yn Depot : 12-14, Old Pye St., Westminster, S.W.|. 


ESTABLISHED OVER 30 YEARS 


| 
— 
. a 
} AS 
a Sulphate of Copper and Lithopone =< 
Works : WIDNES, 
SS 
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COUNTRIES. 


ESTABL. 1895 


KARL FR.UNGERER ENGINEERING WORKS. PFORZHEIM- GERMANY 


Sole Agents in Great Britain : Technical Representative: 
INCANDESCENT HEAT CO. LTD., EMIL HAAG, 197, HOLLY ROAD. 
SMETHWICK, BIRMINGHAM. BIRMINGHAM 20. 


is building as sole speciality 
| 
* | 
“4 
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In the world of internal combustion engines, success awaits the few; for 
those who fail to “make the grade*—oblivion. In this world, superfluous 
weight spells waste—and failure. But for those who use Hiduminium, 
success is sure. Hiduminium lightens the heaviest parts of an engine. 
No metal that is lighter, is as strong; none that is stronger, is as light. 
Hiduminium is the Englishman’s tyword—the “middle course”, where 
saiety meets that peaceful revolution which is progress. 


HIDUMINIUM ALLOYS 


HIGH DUTY ALLOYS LIMITED : SLOUGH 


STAMPINGS IN HIDUMINIUM R.R.56 
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Gwk 100 


Set of Rolls 


THE ELECTRO CHILLED CAST ROLLS FOR 
PEAK OUTPUTS IN COLD ROLLING MILLS 


Sole Agents in Great Britain 


DEBURG JOHN ROLLAND & CO. LTD. 


ABBEY HOUSE, 2, VICTORIA ST., LONDON S.W.! 


202 /18008a 


Furnaces p!ay an increasingly import- 
ant part in industry to-day, and 
modern specifications demand ex- 
treme accuracy in all heating and heat 
treatment work. For over thirty 
years, Incandescent Furnaces have 
maintained a high standard in meet- 
ing these conditions, and have been 


widely and successfully applied to 
almost every heating and heat treat- 


ment operation. 


Mustration is of four Incandescent recirculated 
atmosphere furnaces for the annealing of alumin- 
ium alloy sheets. 


Yy Wf), G Uy by Vi WH; 
EAT CO.LTD. CORNWALL RD.SMETHWICK.B'HAMe 
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All kinds 
PRESSWORK 


= 

Pure aluminium 
and medium strength 
alloys are regularly 
produced by the 
B.A. Co. for all kinds 
of presswork, from the 
smallest pressing done 
on the fly-press to the 
intricate work done on 
the huge 5,000 ton 
hydraulic press shown 
here. 


( Top) By courtesy of Gaston 
E. arbaix Ltd., London, 
S.W.1., British Representa- 
tives for H.P.M. Fastraverse 
Presses. 


(Bottom) By courtesy of the 
London Aluminium Co., Ltd. 


= 


HEAD OFFICE: ADELAIDE HOUSE, LONDON, EC.4 
Telephone : Mansion House, 5561. Telegrams : Cryolite, Bilgate, London.” 


M.12.38. 


The 3 ton Heroult furnace illus- 
trated is designed for top 
charging, and high powered to 
accomplish melting down 3 ton 
charges in 30/40 minutes. This 
unit is in operation with electrodes 
of our manufacture in the foundry 
of the Ford Motor Co., Ltd., of 
Dagenham, by whose courtesy 
this photograph is reproduced. 


ELECTRODES 


METALL 


URGIA 


DECEMBER, 1938 


Graphite Electrodes from 1}” 


to 16” diameter can be supplied 


from stock, and our services 
for any information concerning 
arc furnaces or arc furnace 
practice are at your disposal. 


| 
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GRANGE MILL LANE, WINCOBANK, SHEFFIELD 
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OKE OVENS AND BY-PRODUCT PLANT 


side of a battery of 
Gibbons-Kogag High 
Temperature Ovens 
recently installed to 
the order of the South — 
Durham Steel & 

Co. Ltd. 


| 
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GIBBONS BROS. LIMITED, 
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Exhauster house 
platform with 
turbo gas exhausters, regu- 
jators and centralised opera- 
ting instruments, forming 
part of the by-product plant 
installed with the Gibbons- 


Kogag High Temperature 
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TESTING MACHINES 


The original ALPHA BRINELL MACHINE for Standard Brinell Ball Tests 
Hand operated and motor driven. Error at 3,000 Kg. load less than 0°l per cent. 


: Test loads are measured 
An automatic motor- 
and automatica con- 
driven Brinell machine Y 
trolled by an invariable 
for tests in accordance ie ‘ard 
and absolute standard, 
with British Standard 
ae namely the dead weight 
Specification. 

load. 


The ALPHA CARBOMETER-TO DETERMINE CARBON CONTENT 


For rapid and accurate magnetical determination of CARBON in Steel Baths. 
Time of making Test—I} to 2} minutes including preparation of specimen. 
Accuracy—the same as with Chemical Analysis. PROVIDES COMPLETE 
CONTROL OF BATH. Used in the leading Steel Works of the World. 


The ALPHA DUROMETER 


For ROCKWELL AND BRINELL BALL TESTS. Providing rapid and 
direct Test readings. Error of Load at I50 Kg. O02 per cent. 


JACKMAN CO. LTD. 


VULCAN WORKS, BLACKFRIARS ROAD, MANCHESTER 


Telephone : 4648-9 DEANSGATE Telegrams : BLAST,’"” MANCHESTER 
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le Shrength-16 tons per sq. unch. Stress tons per sq. inch 


MAGNESIUM CASTINGS & PRODUCTS £7 SLOUGH 
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K.T.G.-AMCO RECUPERATIVE SOAKING PIT 


Patented and Patents Pending 


Seal Type Cover 


Level Track 


Recuperator 
Air 


Air Supply 
Clean 
Our 


Waste Gas Flue Blast Furnace Gas 


Preheater 


Producer Gas Fiue ae Air Supply 


OPERATING ADVANTAGES 


UNIFORM HEATING — controlled flame parallel with long axis of ingots: better steel, shorter cropping. 
WASHING ELIMINATED—correct fuel application automatically regulated. 

BOTTOM MAKING WEEKLY~—saves coke and labour. ADDS UP TO ONE EXTRA HEAT DAILY. 
INCREASED TONNAGE-—charged capacity is increased up to 100°, when compared with existing pits. 
SEALED COVER—CRANE TYPE MOTORISED CARRIAGE. 

Automatic fuel and air regulation with cover movements—saves fuel—speeds operation. 


CONTROLLED HEAT CIRCULATION FUEL SYSTEM FULLY AUTOMATIC 
character of scale controlled. draught control. 


DEPENDABLE RECUPERATION. NO MANUAL ADJUSTMENTS. 


~ 


4 
| 
! 
PATENTED 
Open Pi USES ALL FUELS Automatic Draught and Air Ratio Equipment 


Embodies the best known combustion, metallurgical and mechanical practice. 
WRITE FOR FULL PARTICULARS TO : 


KING, TAUDEVIN & GREGSON LTD. 


Furnace and Gas Plant Engineers, 
Melbourne Chambers, Cambridge Street, 
Shefeld 21753 SHEFFIELD I. "Pyro, Sheffield.” 
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ELECTRIC 
FURNACES 


E show one of a battery of electric : a 

muffles installed in a large hot 
die pressing shop. This is only one of 
many types developed out of our 
twenty odd years’ specialised experi- 
ence in designing electric furnaces for 
all classes of heat-treatment on non- 
ferrous metals. 


By Courtesy of Messrs. Brett's Stamping Co. Ltd. 


HE smaller illustration shows a battery of our box-type 

furnaces used for heating the larger aluminium-alloy billets 

for forging. The important features of these furnaces are 

forced air circulation, uniformity of temperature, rapidity of 
heating and precision of control. 

Consult us about all your billet-heating work. Our wide 

experience is at your service. 


FURNACES, 


. 
a: 


} 
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ROBERTSON 


renowned for mills that 
give continuous accuracy ... 


To the patriotic urge of Buy British and the assurance from the highest quality that 
is conveyed by the words “British Built,’’ are added many sound reasons for buying 
Robertson's British Rolling Mills and accessories. As designers and builders of British 
Rolling Mills, we are often called into consultation for the application of rolling mills 
and accessories for special purposes. We have an intimate knowledge of the varying 
local methods and habits of British rolling mills. We are conversant with rolling mill 
technique in many countries, our international experience has resulted in the design 
of rolling mills and accessories that do give continual satisfaction. We invite you to 
make use of the services of our technical staff, who are always ready to advise you in 
any difficult jobs. 


FOUR-HIGH COLD 
ROLLING MILL FOR 


STRIP and sheet in stain- 
less and other qualities of 
steel. 


WITH PATENT ‘FLOOD’ 
LUBRICATION bearings for 
Support Rolls giving MAXIMUM 
RIGIDITY AND STRENGTH 
WITH THE HIGHEST POSSIBLE 
EFFICIENCY. 

Roll assembly for 5’ 0” Four-High 
Mill shown withdrawn 
from Housings by Roll 
changing gear. 


W. H. A. ROBERTSON & Co. Ltd. 


BEDFORD 


Telegrams : WHARCO Telephone: 4171 
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FAMOUS FERMS WHO USE THE ‘CASSEE”’ 
PROCESSES OF HEAT 


. 


The sparking plug is one of those vital engine parts whose reliability in service 
depends first and foremost on accuracy of manufacture. This is only possible if the 
machine tools used are absolutely accurate and dependable. That is why Messrs. 
A.C.—Sphinx Ltd. have adopted ‘Cassel’ Heat Treatment processes to ensure the 
necessary hardness and durability of the tools used in the manufacture of their 
famous sparking plugs. Components of other well-known products of this firm— 
such as petrol pumps and meters—are similarly hardened against shock and abrasion. 
Fully descriptive literature regarding ‘Cassel’ processes of casehardening and heat 


treatment is available free on request. 


PROCESSES 


OF HEAT TFTREAIMENE 


IMPERIAL CHEMICAL INDUSTRIES LTD., DEPT. C.6, IMPERIAL CHEMICAL HOUSE, LONDON, S.W.1 
M.06 
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The new furnace recently ins:alled at Jarrow Tube Works 


A CONTINUOUS BRIGHT ANNEALING FURNACE 
PROVIDES AUTOMATIC PROGRESS OF WORK THROUGH 
THE FURNACE @ COMPLETE PRECISION @ 
AUTOMATIC TEMPERATURE CONTROL @ 


Advt. of The General Electric Co., Ltd., Magnet House, Kings way, London, W.C.2 


+ 
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Camloy is different to Stainless Steel as 
it contains approximately 30°,, of Nickel. If Stainless 
has failed for your purpose try Camloy. Used 

# exclusively for Exhaust System of Short Empire 
Flying Boats. 


CAMERON SOR 


CAMLOY WORKS, MARGARET STREET, SHEFFIELD, 1. 


ror HEAT TREATMENT OF LIGHT ALLOYS 
use CALORIZED MILD STEEL SALT BATHS 


AS SUPPLIED TO SPECIFY A CALORIZED 

MILD STEEL SALT BATH 

LIGHT FoR YOUR FURNACE 
& FURNACE AND ENSURE 


MAKERS, ETC., ETC. PROLONGED SERVICE. 


ILLUSTRATION ABOVE SHOWS A CALORIZED 
MILD STEEL SALT BATH 14’0” DEEP. 
SUCH BATHS CAN BE MADE TO ANY SIZE 
AND SHAPE ACCORDING TO CUSTOMER'S 


Write for catalogue No. 1148 on CALORIZING. SPECIAL REQUIREMENTS. 


*calorizing Corporation of Gt. Britain Ltd. 


32-FARRINGDON STREET, LONDON, TEL:  CENtral 3282 
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AT TEMPS 


“Birlec’’ has pioneered consistently in new features in design, far ahead of 
contemporary practice—with the result that as each new need arises, there is a ; 


type of “ Birlec’’ equipment ready to tackle the job. 


Whatever YOUR process, commonsense suggests, first of all, an enquiry to 


BIRLEC for the most recent data on the subject. 


BIRMINGHAM ELECTRIC FURNACES LIMITED, ERDINGTON, BIRMINGHAM 24 
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SILVER 
SOLDER 


FOR ALL PURPOSES 
SEND FOR SAMPLES 


PURCHASERS OF 


GOLD, SILVER AND OTHER 
PRECIOUS METALS CONTAINED 
IN RESIDUES ano WASTE MATERIAL 


CHARLES HARROLD & CO. LTD. 


Electric Steel Furnaces 


with Basket Charging and Vessel Turning Gear 
enabling huge savings to be made in the cost of 
breaking up and charging scrap. 

The basket shown in the illustration contains a charge of 35 
tons, made up of steel rolls and tops. The charge is not 
dropped on to the hearth of the furnace, but laid gently 
down on to it without the slightest bump. 

Further particulars may be had on application to address below. a] 


D re 
m 
emaa-Elektrostahl: 

: DUISBURG 


Agent: P. HEUSER, 119, Victoria Street, London S.W. 1. "Phone Victoria 2612. 
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THE BUREAU OF INFORMATION ON NICKEL 


THE MOND NICKEL COMPANY LT° - 
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To meet abrasion and heavy loads Lamberton specify 


NICKEL ALLOY STEELS 


This high precision reversing cold mill preduces strip of finest finish and rolled 
accurately to gauge. On the other hand many parts are subject to severe stresses 
and some abrasion and only the finest quality materials of construction will ensure 
reliability combined with accuracy. 

That is why nicke! alloy steels and nickel bronzes are used for a great many of the 
vital parts subjected to heavy stresses or to abrasion. These uses include :— 


Main mill drive pinions and shafts. Wearing parts of reel drum. 
Screw gear worms and worm wheels. Roller bearings. 
Reel driving gear, pinions and shafts. Rolls—both working and backing up. 


For detailed information on the properties and uses of nickel alloy steels read our 
publications A7 and All. 


cations :— 
A7—Nickel Alloy Steels. 
All—The Mechanical Properties of Nickel 
Alloy Steels. 


Please send me free copies of the following publi- 


To The Bureau of Information on Nickel, 


Thames House, Millbank, S.W.1 


THAMES HOUSE - MILLBANK - LONDON SWI 29/G14 


THE MOND NICKEL COMPANY LIMITED 


—— 
Name ......... 
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How GAS and the precious metals 


aid Industrial Progress 


HEY touch industry at a 

thousand points—gas and the 
precious metals. And as modern 
methods replace the out of date they 
will touch industry at a thousand 
more. 
Just as industry relies on ga; for a 
vast number of processes, so there's 
hardly an industry which Johnson 
Matthey, the famous precious metals 
firm, do not supply. Its products are 
used extensively not only by manu- 
facturing jewellers, but by electro- 
platers, the electrical, wireless and 
television industries, the photographic 
and transport industries, and many 
others. They make also the conta’ners 
for radium, and handle the total 
Canadian output. 
Precious metal contacts are the most 
reliable for all types of relay and 
switchgear units, for aeroplen> magne- 
tos, for road and railway signals, for 
totalisator equipment. Rhodium plat- 
ing has improved cinema and search- 
light reflectors. Gold fountain pen nibs 
are tipped with osm-ridium,.the ideal 
hard metal to resist corrosion. Gold, 
too, has its commercial uses—from 
liquid gold for decorating pottery to 
gold leaf for signwriting. One firm 
alone purchased 8,000 ounces of gold 
last year, erough to make 347 acres 
of gold leaf. 
Johnsen Matthey is thus closely in 
touch with industries, both ancient 
and modern, and has more than kept 
pace with industrial developments 
since the beg inning of the eighteenth 
century when John Johnson first began 
gold assaying in London. To-day the 
firm has several works an‘ factories in 
England for dealing with special or 
local requirements, and is represented 
at a score of important world centres. 
By a steady development of home 
trade and by overseas expansion, 
Johnson Matthey has established itself 
as the foremost precious metal refiner 
of the world. At the end of the Great 
War, for instance, the manufacture of 
rolled gold was almost unknown in 
England. To-day, however, Johnson 
Matthey is among the lead’ng firm: 
producing rolled gold, more than 
capable of supplying all British neods. 
Every year new uses are found for the 
precious metals and existing uses are 
extended. Thus, Johnson Matthey 


must, as far as is possible, anticipate 
future requirements of industry. 

Such a firm must, of course, pursue a 
policy that is progressive. It will 
tolerate nothing out of date or make- 
shift. Home deliveries are made in 
Rolis-Royce vans, and overseas orders 
frequently go by ‘plane. Equipment 
for every process is as efficient as 
science can produce. Many changes 
have been made in this firm’s works 
and factories when from time to time 
a new method has been proved to be 
better, quicker or cheaper. 

The source of heat is on> of the 
problem: that gets the closest scrutiny. 
Technical opinion and exhaustive tests 
have pointed out ga; as the most 
suitable fuel for a great number of 
processes. An vast quantities of heat 
are required throughout the year in 
the making of plate, coinage and 
precious metal products for scores of 
industries. 


Because of its rapid heat input gas is 

used extensively in Johnson Maithey's 

modern melting shop. The air-blast burners 

fire tangentially to the inside of the 
refractory lining. 


Gas, for instances, is used extensively 
in the modern melt’nz shops, one of 
which is shown in the illustration. 
These crucible furnaces, with their 
rapid heat input, are ideal for high- 
temperature work. The air-blast 
burners fire tangentially to the inside 
of the cylindrical refractory lin‘ng. A 
refractory collar on the lid fits flush on 
to the crucible rim, to protect the 


surface of the melt from the swirling 
gases. This prevents serious loss 
through volatilisation and oxidation. 
Again, large quantities of gas are 
consumed in oven and salt-bath 
furnaces for annealing at various 
stages of working. Here temperature 
is accurately controlled by thermostat. 
Continuous muffle furnaces are used 
for annealing wire and strip, as these 
give a more even heating. In the 
manufacture of rolled-gold products, 
too, gas-fired furnaces heat up the 
metals before welding with hydraulic 
presses. Johnson Matthey also use 
gas for heat in a wide rangs of other 
processes, from soldering to degreasing, 
and heating the solution for rhodium 
plat'ng. 

A recent development which has 
extensive industrial applications is 
gas for low-temperature brazing with 
Easy-Flo silver solder. This method 
has considerable advantages. It is 
approved by the Air Ministry, and is 
used by many up-to-date engineers. 
Another important application of ga; 
is to produce a special atmosphere, 
where this is required. For instance, 
Johnson Matthey use such a special 
atmosphere to prevent surface oxida- 
tion of the metals in one of the'r large 
sheet ennealing furnaces. A m’‘xer 
and blower are arranged with two 
inlets calibrated so that the propor- 
tions of air and gas may be controlied. 
The mixture is then burned in a 
combusticn chamber. Products of 
combusticn then go to a condenser, 
where moisture is removed. The gases 
then pass through iron oxide to remove 
sulphur before enternzg the furnace. 
Steam had previously been tried for 
this furnace, but gas has proved itself 
more economical satisfactory. 
Again, gas-fired assay furnaces main- 
tan the necessary highly oxidising 
atmosphere by means of a pre-heated 
air purge. 

It is only to be expected that gas should 
be used so extensively by Johnson 
Matthey, as both gas and the precious 
metals are so essential to progress in 
industry. 

Expert advice on gas-fired equipment 
for any industry may be had through 
the British Commercial Gas Associa- 
tion, Gas Industry House, 1 Grosvenor 
Place, S.W.1. 
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The above illustration shows 
a Patent Gas Fired Furnace 2 
Reliable results yught in heat-treating practice depend upon fillets for piercind- 
the proper combination of the man, the furnace, and the # 
material. Good material 1s entitled to propet treatment In or all types of burners and 4 
good furnaces, and both should have the services of good men. small — 5 
u e 
{ furnace has @ monopoly our associated company — 


for this THERMIC, 


alike, and no type ° 
Equipment and Engineering 
Co. Ltd 


{ heating oF economy in operation ; 


No two cases are 
heat-treatment furnaces to 


on uniformity © 


reason we a5 specialists, design 
suit your particular conditions and products; ™ this way country Yard Setnon St 
in be assured, with the utmost economy: PRESTON. 
Telephone: ~ 3782 PRESTON 
 THESMIC 


reliable results 


GIBBONS BROS. LTD 


DUDLEY 
WORCESTER 
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We design and build complete Steelworks 
Electric Steelworks, 


Bessemer or 


Plants, i.e., 
with all 


machines, cranes, and transporting plants. 


For Steelworks Equip Rolling Mills, 
Cranes, Loading Bridges, Excavators and 
Surface Mining Equipment : 

P. HEUSER, 119, Victoria Street, 
LONDON, S.W.! Tel. Victoria 2612/3 


For further information please apply to the following addresses : 
For Pulley Blocks end Suspension Cranes : For Compressors of ? kinds and Pneumatic 
. 


ools 
AABACAS ENGINEERING CO., THE ROTARY AIR COMPRESSOR 


LTD. Grange Road, BIRKENHEAD. CO., LTD., I19, Victoria Street, 
Tel. 4747. LONDON, S.W.i Tel. Victoria 2612. 


Open-hearth, Basic 
accessory equipments, 


auxiliary 


For Underground Mining Equipment : 


H. E. MASSMANN, Broadway 
Chambers, 7, Broadway Ludgate Hill, 
LONDON, E.C.4. Tel. City 4869, 
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NOZZLES 
= | STOPPERS 
SLEEVES 
oy 4 LADLES & 
| oon RUNNER 
by = BKS. ETC. 


THOMAS MARSHALL & Co. (LoXLeY) LTD., LOXLEY, Nr. SHEFFIELD 
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| CONTROL GEAR 
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WARD-LEONARD 
-ILGNER SET 


A complete reversing 
Mill equipment for a 
5,000 h.p. 55/140 
r.p.m. Motor. Maxi- 
_ mum peak = torque 
| 750 tons-feet, 
(49/140 r.p.m., 
equal to 15,500 
h.p., at the Cargo Fleet 
Ironworks of the South 
Durham Steel and lron 
Co. Ltd. 


"TRAFFORD PARK MANCHESTER 
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continuous fur- 
showa in the 
ilustration is 


t is of the cross- 

"wins & Stee! Co. : fired automatic type, 
is used in which the air only 


heating the blooms 
for a S1-in. light 
section 


Continuous Success... 
Heating Economics .. . 


Modern design, robust construction, economical working, and close control 
of temperatures and atmosphere are leading features of Priest Furnaces. 
The illustration shows one of many furnaces recently installed in Industrial 
Plants of the most modern type; in all cases with satisfactory results. 


LONGLANDS : MIDDLESBROUGH 


if 
The furnace is fired 
im gas, but provision is 
made for the addition pe 
| 
ie regenerated, the 
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THE 
NATIONAL SAVINGS SERVICE 


* 


HOLIDAY CLUBS. 
CHRISTMAS CLUBS. : 
PROVIDENT SCHEMES. E 

* 


For more than twenty-one years the National Savings Committee has 
been assisting an ever-increasing number of employers to organise 
savings facilities for the benefit of their employees. 


A facility now specially popular is the NATIONAL 
SAVINGS HOLIDAY CLUB. The Club can be used 
not only for personal saving by employees but also 
where desired by the employer for accumulating 
Holiday Pay Allowances. 


The Committee has also had wide experience in establishing on a 
business-like footing CHRISTMAS CLUBS and other short-term 
savings clubs, while, to provide for the needs of retirement, there are 


National Savings PROVIDENT SCHEMES which combine safe i 


investment, sound rules and simple accounting. Q 


The Committee will always be glad to send an _ experienced 
representative to discuss the individual requirements of your firm and 
every assistance will be given in starting the scheme, including the 
provision of a speaker to address emp!oyees, and the preparation of a 
special explanatory letter for distribution. Membership cards, books, 
etc., are provided free. 


Enquiries should be addressed to the 
NATIONAL SAVINGS COMMITTEE 
(Dept.B2E), LONDON, S.W.1. 
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Three-High Hot Rolling Mill 
for non-ferrous sheets, 


top and middle rolls are lifted 
and lowered electrically 


SPANNAGEL LTD., 13-15, OLD GUEEN STREET, WESTMINSTER, LONDON, S.W.! 
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Walzmaschinenfabrik August Schmitz, 
Diisseldorf, Germany 
TWO- AND FOUR-HIGH, CLUSTER AND HIGH-SPEED 


ROLLING MILLS with forged and hardened steel rolls, for cold- 
rolling iron, steel, brass, copper, aluminium, etc. 


AUXILIARY MACH- 
INES OF ALL DES- 
CRIPTIONS, slitting, 
straightening and pickling 
machines, etc. 
COMPLETE PLANTS 
FOR ROLLING 
ALUMINIUM, TIN 
AND LEAD FOIL in 
long length. 

FORGED AND HARD- 
ENED STEEL ROLLS 
of all dimensions. 


We can guarantee a saving of at least 25”, 
of the cost of oil-firing by installing the Atritor 
Pulverizer. 


One Atritor will fire fourteen or more 
furnaces, each having independent control. 


Many installations can be inspected by 
appointment. 


BESIDES THE GREAT SAVING TO THE 
USER A STILL MORE IMPORTANT POINT 
IS THAT THE USE OF PULVERIZED FUEL 
REDUCES THE DEMAND FOR FOREIGN 
OIL, FINDS ADDITIONAL WORK FOR OUR 
COLLIERIES AND HELPS 
FOREIGN EXCHANGE. 


The booklet on the Atritor 
Coal Pulverizer gives particulars 
of pulverized fuel firing of boilers, 
cement and lime kilns, and metal- 
lurgical furnaces of all kinds. 


Copies will be sent on request. 


SCHEMES AND 
ESTIMATES ON REQUEST 


ALFRED HERBERT 
LIMITED, COVENTRY 


SCHMI 
Two-high Reversible Strip Cold Rolling Mill 32” wide. ei 
- 
— 


A SHEET ALLOY WITH 


FORMING PROPERTIES 


ALCLAD NA 26S is an excellent alloy 
for structures where high proof-stress 
obtainable only by the use of a double- 
heat-treated alloy is necessary. In this 
class, NA 26S is unequalled for its 
combination of strength, formability 
and resistance to corrosion; properties 
which are of great importance particu- 
larly in the aircraft industry. Moreover, 
this alloy offers the advantage of the 
high corrosion resistance associated with 
Alclad alloys, combined with a proof 
Stress 27", higher than that of sheet to 
B.S.l. specification 4L3. 


Alclad NA 26S, sheet is supplied solution 
heat-treated and flattened, when its good 
ductility enables severe forming operations 


to be carried out in the condition as received. 
The full mechanical properties are then ob- 
tained by a final treatment at low temperature 


iclad NA26S 


properties uired condition 
by specificat (Alelad NA 26 

0.1°., Proof Stress — 

tons/sq. inch 

Ultimate Tensile 25-0 


Stress tons/sq. inch 


*Sheets thicker than 128.W.G For lighter gauges 
a bend test is specified. 


FORMING PROPERTIES. 


Bend Radius 

The bend radii for Alclad NA 26S through ° 

sheet as called for in the speci- (14 gau >a 
fication are as follows :— t ~ 


inner) 
Alclad 2680 | 1T 
Alclad 26$W (Solution treated, | 147 
unaged) 
26ST (Solution treated, 3T 
fully aged) 


HOUSE, ALO ND OW. TEMPLE 8844 « 


Teletrom:: NORALUCO, BUSH, LONOON 


i 
m Solution treat 
4 m mechanical ed “Fully aged 
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EFFICIENCY 
SUSTAINED 


over 
Longer Periods 


E design and 

manufacture fur- 
naces for any specific 
requirements, that 
are reliable and econ- 
omical, with efficien- 
cy sustained over 
very long working 
life. 


Accurate heat treatment depends on many factors, and these vary with plant 
conditions ; long experience in furnace design enables us to give control over 
those variable factors and so ensure uniformly heat-treated products. In our 
annealing furnaces, for instance, the phases of heating and cooling are suitably 
correlated to the basic factors of temperature and time. 


BURDON FURNACES LIMITED cuscow, swa 


Telegrams : “ KENDORE, GLASGOW ”’ Telephone : HALFWAY 1408 


A TROUBLE-FREE 


REQUIRED... ‘EVERDUR’ 


SPECIFIED 


FOR THE TANK 


TT 1,500 GALLON TANK was 


designed for use in a laundry 
demanding a hot water supply free 
from rust and corrosion. It was 
therefore constructed of Everdur” 
sheets and circles, welded by 
the oxy-acetylene process using 
“Everdur” filler rods. 


bp “Everdur” is a non-ferrous alloy 
I. Cc. I. M E T B L 8 L I M t T E D combining all the advantages of 
Id be add d to copper and steel for tank service. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED It is as strong as steel and it will 
DEPT. M.12, IMPERIAL CHEMICAL HOUSE, MILLBANK, LONDON, S.W.1 not rust. Further information will 


Sales Offices at: Belfast, Birmingham, Bradford, Bristol, Dublin, Glasgow, Hull, Liverpool, London, 
Manchester, Newcastle-on-Tyne, Shrewsbury, Swansea. be sent on request. 
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STOP THESE COSTLY Ht 7 
TEMPERATURE ZIG-ZAGS! 


uf 


del 

| | 1200), 


‘STRAIGHT LINE’ CONTROL 
1S 


IT GIVES @ HIGHER QUALITY PRODUCTS 
@ FEWER REJECTS @ LOWER FUEL BILLS 7 


THE 


HONEYWELL-BROWN 
Proportioning Control System absolutely eliminates 
undershooting and overshooting 


etc., can cut fuel costs and give absolute uniformity of production 
with a minimum of rejects. 
Honeywell-Brown proportioning control system gives this unique control 
F because it embodies the H.B. Potentiometer Pyrometer—the most accurate 
9 pyrometer ever made—and the famous H.B. Motorised Valve. 
For recording and indicating temperatures from 0°—3,000° F. Honeywell-Brown 
potentiometer pyrometers also set a new high level for accuracy. Charts 
are 12” wide. Full details in Catalogue 1103/M.12.38. Write for your copy 


today. 


-HONEYWELL- BROWN, LTD. 
70 ST. THOMAS STREET -LONDON:S-E-1 @ For the most unbiassed service 

Telephone -- HOP-0471 in the world—backed by the most 
aa ; complete range of recording and 


controlling equipment. 


Cs. rigid, ‘straight line’ temperature control of furnaces, kilns, ovens 


The Honeywell-Brown Motorised Valve for 
proportioning fuel-air ratio. 


SWEDEN (Branch Office) Honeywell-Brown A.B., Nybrokajen 7, STOCKHOLM. 
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Photo of Lathe Bed, by 
courtesy of Messrs. H. 
Ward Co. Ltd., 
Birmingham 


€ Our modern equipment and up-to-date organisation 
enable us to produce the highest quality castings, 
that are reliable, accurate, have easy machining properties, 
and can stand up to long service. We supply small light 
section castings and the heaviest machine tool and other 
castings up to Io tons. ft 


In addition to grey iron, nickel chromium iron and malleable é 
iron, we can also give quick deliveries of castings of non- | 
ferrous alloys, including aluminium bronze. 


Your enquiries are invited 


RUDGE LITTLEY LTD. 


Swan Village West Bromwich 


3 
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| Illustrated above is a “ Wellman” Con- with gas from a ‘“ Wellman-Galusha ” 
| tinuous Pipe Annealing Furnace supplied to Producer. Perfect atmospheric condi- : 
| The Staveley Coal & Iron Co. Ltd. for tions are maintained in the furnace, 

producing Super Annealed Spun Pipes. It and the temperature is controlled over : 


| has a special system of firing, and is supplied the entire length and width within 5° C. 


| We design and build furnaces for all metallurgical purposes, and 
our experience in this branch of engineering extends over a long 

period. We retain a staff of Furnace Specialists who are 

conversant with every phase of heat treatment. 


THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD. 
Victoria Station House, London, $S.W.! Works: Darlaston, South Staffs. 
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“In every workroom ... a temperature 
of less than 60°F. shall not be deemed 
after the first hour to be a reasonable 


temperature.” 


(Extract from the Factories Act, 1937). 


“Burns the cheapest kind of 
slack and needs little attention. 
Enormous heating surfaces. 
Sectional construction. Built in 
three sizes with capacities of 
30,000, 60,000 and 120,000 


cubic feet 
Delivery from stock. 


Note that we will send you 
a Stove on trial, subject to 


return if not satisfactory.” 


JOSHUA BIGWOOD 
& SON LTD. WOLVERHAMPTON 
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To treat material to 
meet A.I.D. specifi- 
cations, there is no 
other Pyrometer 
produced to equal 
the ETHER 
Recording and 
Controlling Py- 
rometer. 

For an instrument 
of such high quality, 
the price is surpris- 
ingly low. i 
Let us quote you for your requirements. 

Send for Lists. 


Ether Pyrometers for Temperature Measurement 


“Sea Cliff” Brand 


COPPER, BRASS and 
PHOSPHOR BRONZE 


TUBES, SHEETS, RODS and WIRE 


Aldurbra Aluminium-Brass Condenser Tubes, 


Protected under B.N.F Patent No. 308647—1929. 
Manganese Bronze. Yellow Metal. Naval Brass. Gun Metal. 
High Conductivity Copper Bars and Strip. 

Tin, Lead, Zinc and Compo Wire and Strip. 
Chill-Cast Phosphor Bronze Bars. 

Engraving Bronzes, Gilding Metals, and Engraving Brasses. 
Phosphor Copper and Phosphor Tin. 

All Wires for Metal Spraying. 


CwarLes Cuirrorp & Sox 
BIRMINGHAM 


ESTABLISHED 1767. 


Coatractors to Admiralty, War Office, Air 
Board, Railway Companies, etc. 


ERS 
O @ et ET pRODUCTIO 
— 
| : 
| = TLE D 
BIRMINGHAM 
™ 
4 6, 6 | 
| 
Trade Mark. 
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MAY WE QUOTE YOU FOR 
NICKEL AND ALLOY STEELS 
TO ANY STANDARD AUTO. OR 
AIRBOARD SPECIFICATION. 


‘GANDERSON ROTHERS & EWBOULD 


SHEFFIELD LIMITED FIN ENGLAND 


| 


GAS PLANTS éFURNACES 


Specialists in the manufacture of : 


CLEAN GAS PRODUCER PLANTS 


using coke, anthracite or bituminous fuel 


PRODUCER GAS FIRED BAR AND ANGLE FURNACE 


FURNACES OF ANY TYPE 


fired by gas, oil or solid fuel 


OVER 50 YEARS’ EXPERIENCE 


s 
If you have a heating problem consult the 


DOWSON & MASON GAS PLANT 


COMPANY LTD. 


ALMA WORKS LEVENSHULME MANCHESTER 
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MACHINES 


- 
4 
| TION RAILS SHEET PILING etc. 
| Charles E. Douglas & Co., L4, 206/8 Cecil Chambers, 76 St ; 
\ 


SP.76 


METALLURGIA DecEMBER, 1938 


See for 


yourse 
in the 


rapid-machining steel 


FILM 


These and other interesting operations 
typical of modern machine shop practice 
are to be seen in the “Phoenix” Film 
Part Ill. This shows “Phoenix” Rapid 
Machining Steel in actual use in the shops 
of many progressive machinists. 


Part I. of the film shows in “Kodachrome” 
natural colour the smelting of the steel and 
its manufacture and Part IL. its rolling and 
manipulation and the exhaustive tests 
applied to secvre absolute uniformity. 


On loan free to technical societies, colleges, 
universities, schools and other organisations 
interested in steel manufacture and 
manipulation. 


The film is on 16 mm. silent non-flam stock 
and is self-contained with explanatory titles. 


To book dates for this film please apply to 
The Publicity Department, The United Steel 
Companies Limited, 17, Westbourne Road, 
Sheffield, 10. 


STEEL, PEECH & TOZER 


Branch of The United Steel Companies Limited sill 


: | | — 7 
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AST “FURNACES 


elegrams 
Gradiey. Darlaston. 


/ y the centrifugal action in with’ 
face of the metal and the slag’ after 
he t effective degasificati s slag and other undissolved impurit 
SPUN REFINED PIG | re supplies of irons treated in this Pig Irons will now be treated by 
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ASSOCIATED BRITISH MACE E TOOL MAKERS 
17 Grosvenor Gardens, Li D. London, S.W.| 


The A BMT M group of machine tool makers 
covers the whole field of machine-tool building, 
giving the engineer at home and abroad a 
unique manufacturing and sales service. 

Apart from the main specialities of the Asso- 
ciated firms, customers have the advantages of 
the pooled research, the accumulated experience 
and the entire technical resources of the whole 
group. 

The abundant advantages thus provided by 
group co-operation will be obvious. The 
after-sales service is of a kind beyond the scope ; 


of the single manufacturer. 


For further particulars write to: 


17, GROSVENOR GARDENS 
LONDON S.W.1 
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EFCO Furnaces for the Light Alloy Industry 


'EFCO’ Vertical Forced Air Furnace for 
the Heat Treatment in a Vertical Position 
of Light Alloy Tubes and Sections. 


We are manufacturers of furnaces for the melting and heat 


treatment of aluminium and light alloys for the production of 


; ‘a sheet, strip, extruded sections, forgings, castings, etc., and 


be amongst the users of our furnaces are the following Companies: 


James Booth & Co. (1915) Ltd. 
The British Aluminium Co. Ltd. 


Northern Aluminium Co. Ltd. 


Reynolds Rolling Mi Is Ltd. 
Reynolds Tube Co. Ltd. 


Sterling Metals, Ltd. 
J. Stone & Co. Ltd. 


ELECTRIC FURNACE COMPANY LIMITED 


: Oo ELECTRIC RESISTANCE FURNACE CO. LTD. 
17 VICTORIA STREET, LONDON, S.W.1 


TELEPHONE ABBEY 4171 (7 LINES) TELEGRAMS ELECTRIFUR, PHONE, LONDON 
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“SIEMENS” 


AND 


Siemens Melting and Reduction Furnaces are working satisfactorily and economic: 
ally with SIEMENS PLANIA ELECTRODES. We are in a position to supply 
suitable Electrodes for any Electro-Metallurgical and Electro-Chemical Process. 


S!EMENS-SCHUCKERT (GREAT BRITAIN) GREAT WEST ROAD: BRENTFORD: MIDDLESEX 


— 
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3,500 | 


TONS 
END PRESSURE 


BRITISH 
BUILT 


FRAME sassive steel casting reinforced with steel tie bars to 
provide rigidity against longitudinal and transverse STRESSES. 


SIDE DIE brive of special design, independent of header slide 
by safety lever mechanism direct from crankshaft through powerful 
slides and double toggle ACTION. 


CONTROL Pneumatically operated multiple disc clutch by pedal 
providing safety feature with ease and speed in CONTROL. 


Literature covering full range of EUMUCO FORGING PLANT forwarded on request. 


illow Avenue: 


49 
’ Horizontal Forging Machi 
Beverley Works -W 
BARNES - LONDON 
eee TELEPHONE: PROSPECT 2291 
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Fireworks 
Thermite 
Aluminium Paint 
Industral 
Chemicals 
Pistons 
Connecting Rods 
Crankcases 
Window Frames 
Busbars 
Architectural Fittings 
Transport Vehicle 
Fittings 
Contaners 
Petrol Tanks 
Tavleware Boats 
Paneling tor Vehicles 
Radio Apparatus = 
Curing Pans 
Litho Plates 
= 
Bridge j 
Construction 
Beer Barrels | 1 
Wrapping butte 
chocolates. 
ettes, crgars, etc 
Insulation ~OOking Utensils 
Condenser Domestic Ware 
| Cooking Utensils 
Chermcal Vats 


Refrigerators 


Bobbins 


oot Clogs 
» ALUMINA 


SAUXITE 


DELPHI, STRAND, LONDON, 


= 
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The British Journal of Metals 


(INcoRPORATING THE METALLURGICAL ENGINEER.) 


The source of all matter extracted from this Journal * 


* must be duly acknowledged; it is copyright. 


Contributions suitable for the editorial pages are invited. Photographs 
and drawings suitable for reproduction are welcome. Contributions 


are paid for at the usual rates. 


Opened by Sir William Bragg, this new 
Laboratory is a result of a decision by the 
Admiralty to make Sheffield the headquarters 
of metal inspection. Brief information re- 
garding the equipment is given. 


Heat-treatment Research and tinted 
. 39-40 


ment 
To assist in the development of proper 
technique in various heat-treatment opera- 
tions, a research and development depart- 
ment has been instituted by Wild Barfield 
Electric Furnaces, Ltd., and in this article 
is given a brief ee of the equipment. 


Progress i 

Substantial Cuts. in Steel Prices 
Correspondence 

Some Notes on Recent Developments 


with Nickel Alloys as a Result of 
Progress in Research 
The development of new and improved 
products in metallurgical fields depends 
largely upon fundamental research, and in 
this article recent developments with nickel 
alloys as a contribution to progress in 
engineering is discussed with particular 
reference to nickel-copper alloys, heat- and 
corrosion-resisting alloys, nickel-copper 
steels and nickel cast iron. 


Fatigue in Steels 


Present knowledge regarding some 
of the behaviour of steel under repeated 
stresses is briefly reviewed. 
Copper and Copper Alloys. By H. J. 
Miller, M.Sc. . 

Recent work on copper ‘and alloys is 
reviewed and attention directed to develop- 
ments in the production of cast copper, the 
properties of wrought copper, brass, tin 
bronzes, copper-lead bearings, chromium- 
copper alloys, alloys for electrode and con- 
tact purposes, copper-silicon alloys and 
other alloy groups. 


Relationship Between the Mechanical 


Properties and Results in Service. 
By L. W. Schuster, M.A. 


None of the properties determined in the 
most commonly adopted mechanical tests is 
an important factor in causing the normal 
failure of service. In this article the Izod 
test is discussed in relation to results in 
service. 


PRINCIPAL CONTENTS IN THIS ISSUE: 
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New Admiralty Laboratory at Sheffield 37-38 


41 
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. 43-46 
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. 47-50 


.. 51-54 


Several articles have been unavoidably held over to the next reaue. 
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The Behaviour of Sulphur in the Basic 
Open-Hearth Process. By D. 
Manterfield . 55-58 
The behaviour of sulphur in ; open- hearth 
furnaces has been investigated, with par- 
ticular reference to the distribution of sul- 
phur between metal and slag and the in- 
fluence of furnace operating conditions 
upon this distribution. A series of experi- 
ments is described and the results discussed. 

‘“*Loded”’ Cast Irons .. . 58 

Corrosion- and Heat-resisting Steels. By 
Dr. W. H. Hatfield, F.R.S. ..  .. 59-61 
The advance in the technology of corrosion- 
and heat-resisting alloys is discussed under 
three headings: Improved or new com- 
positions, improvements in production, 
methods of manipulation and fabrication, 
and their increasing application. 


Aeroplane Propeller Blade Life .. 61 
Tests on two aeroplane propeller blades 
indicate that an aluminium forging of a 
given composition, if properly heat-treated, 
is not damaged by over stress. 

Industrial Management and Production 
Control. By F. L. Meyenberg.. .. 62-64 
The position of the stores in the organisation 
and layout of works is discussed. The flow 
of material carried by the stores is described 
and brief reference made to control. On the 
the question of layout of stores, the author 
deals with both centralisation and decen- 
tralisation. 

World Capacity for Aluminium Produc- 
tion. By Robert J. Anderson, D.Sc. 65-68 
The present stage of aluminium development 
is of great interest, and in this article the 
situation in regard to world capacity and its 
distribution among countries is examined. 

High Nickel Nickel-Chromium-Iron Alloys 
for Furnace Work. By J. QO. 
Hitchcock, B.Sc. .. .. .. .. 69-71 
Heat-treatment operations are usually 
carried out at temperatures which enable 
metals to be used in the design of suitable 
furnaces ; some properties required in such 
metals are described. 

Iron and Steel Institute 
Additional Autumn Meetings. 
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Ts excellent high temperature properties 

of NETTLE 42, 44°,, alumina firebricks are 
widely known and appreciated. Their relia- 
bility, in the field of marine engineering, for 
instance, is plainly demonstrated in that they 
are already in use on the ** Queen Mary *’ and 
are on order for the ** Queen Elizabeth "’ and 
the Mauretania ”’ 
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Admiralty Laboratory 


at Shefheld 


A new Admiralty laboratory was opened on December 
15, at Sheffield, by Sir William Bragg, O.M., K.B.E., 
President of the Royal Society, in the presence of the 
Lord Mayor of Sheffield, the Master Cutler, Vice- 
Chancellors and Professors of Metallurgy from 
several Universities, representatives of many Societies, 
Directors and Chief Metallurgists from several steel 
companies, and officers representing the three Defence 
Departments and the Department of Scientific and 
Industrial Research. Brief information regarding 
the equipment and purpose of the Laboratory is given. 


ensure that all materials used in Naval armament 

work are of a satisfactory standard has long been 
realised by the Admiralty, and a laboratory to deal with 
the metallographic and chemical analysis of metals has 
been in existence in their Inspection Department at 
Sheffield since 1913. Previous to that the work was carried 
out in the Admiralty Chemists’ Department, Portsmouth. 
The wide range of complex alloys developed during 
recent years, and now being used in armament manu- 
facture, has greatly increased the scope of work in the 
Laboratory, and the great increase in the volume of work 
due to rearmament, and to a decision by the Admiralty 
to make Sheffield the headquarters for metal inspection, 
have rendered necessary the erection of this new laboratory. 


| = necessity for adequate facilities for inspection to 


The Laboratory Building 


The building, which occupies a site of 5,400 sq. ft., adjoins 
the Admiralty Gauge Factory in Bold Street, and consists 
of a two-storied steel and red brick structure, with an 
intermediate floor on one side, and a basement. The lay-out 
is on essentially utilitarian lines, and incorporates the 
latest developments both in construction and equipment. 
The whole building is served by an air-conditioning system, 
which provides eight changes of air per hour in the chemical 
laboratories and four changes in all other rooms. In the 
former, the air enters through ducts near the ceiling, and 
leaves through ducts in the fume cupboards, which are 
connected to a motor-driven extraction fan situated in a 
chamber at the top of the building. The basement contains 
the air-conditioning plant, boiler-room, and store for liquid 
chemicals. A lift connects the latter with the chemical 
laboratories and with the store for solid chemicals, and 
apparatus which is situated on the intermediate floor. 

On the ground floor a corridor runs the length of the 
building and separates a block of offices, from a laboratory 
with an adjoining balance-room which are equipped 
primarily for the chemical analysis of iron and _ steel. 
Lining one side of the corridor are 50 hat and coat lockers 
of pressed steel 

Steel Laboratory 

The dimensions of this department are 45 ft. x 33 ft. x 

18 ft. high. Windows run the length of the room and 


extend from bench level to a height of 8 ft. The panes 
in the lower half consist of Thermolux glass, which provides 


Vout. XIX, No. 110. 


Fig. 1.—View of laboratory from Bold Street. 


insulation from the heat and glare of the sun. On the 
opposite side of the laboratory are seven fume cupboards. 
The walls and the fume cupboards are built of mottled 
glazed fireclay blocks. The benches have teak tops and 
are fitted with cupboards, drawers, white glazed sinks, 
taps for gas, water, and vacuum supply, and plugs for 
electrically heated hot plates, muffle furnaces, and other 
apparatus. The flooring material is red acid-resisting 
asphalt, which is rounded off at the junction with walls, 
benches, and other fixtures to simplify cleaning. General 
artificial illumination is provided by eight 200-Watt lamps. 
There are also bench lights and special daylight lamps for 
colour comparisons. The fume cupboards are lit from out- 
side by tubular lights having anodised aluminium reflectors. 

The balance-room adjoining this department contains, 
in addition to the usual balance-room equipment, apparatus 
for the determination of carbon in steel. The latter was 
designed and constructed by the staff. 


Non-ferrous Laboratory 
On the first floor is situated a large laboratory with an 
adjoining balance-room, which are equipped primarily for 
the chemical analysis of non-ferrous metals and alloys. 
The dimensions of the laboratory are 60 ft. x 33 ft. x 
18 ft. high, and its construction and lay-out are similar 


Fig. 2.—Part of heat-treatment laboratory. 
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Fig. 3. 
Fig. 4. 


Part of balance room for non-ferrous laboratory. 
Part of spectrographic and metallographic 
department. 
Fig. 5._-Another section of the spectrographic and metal- 
lographic department. 
Battery of electric furnaces for the determination 
of carbon in steel. 


Fig. 6. 


generally to those of the steel laboratory. It contains, 


however, several pieces of apparatus specially constructed 
to suit the work of this department. 

The adjoining balance-room, which is very commodious, 
contains a modern micro-balance, 12 analytical and other 
balances, and an apparatus for analysis by electro- 
deposition. 
with a friction-driven rotating electrode holder. 


The latter consists of 16 stands, each fitted 
A single 
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motor-driven shaft supplies the motive power. D.C. current 
is supplied to the apparatus by two Westinghouse metal 
rectifiers. 


Metallographic and Spectrographic Laboratory 


This comprises a room for the preparation of specimens 
for examination, one for the micro-examination of specimens 
and the evaluation of spectograms, and a dark room, all 
situated on the intermediate floor, also a further room on the 
first floor which is used for the preparation of spark spectro- 
grams, a rather noisy operation which it has been found 
desirable to separate from other work. 

The equipment for metallographic work consists of the 
usual apparatus for the preparation of specimens, a 
hydraulic press for mounting specimens in_bakelite, 
Vickers’ Projection, Watson, and other microscopes, 
Phillip’s Metallix X-ray apparatus, and electrically heated, 
drying, and mounting presses. The equipment of the 
spectrographic section consists of three Hilger, fully 
automatic large quartz spectrographs with both are and 
spark attachments, 3 photo-electric microphotometers, 
3 Judd Lewis comparators, a rotating logarithmic W-edge 
sector, and other accessories. 

This section has been responsible for a considerable 
amount of original research work, particularly on spectro- 
graphic methods for the quantitative analysis of steel 
alloys. Non-ferrous metals and steel are now being 
analysed as a routine, over 40,000 quantitative deter- 
minations having been made during the last twelve months. 
Further development work is in progress. 


Heat-Treatment Laboratory 


This section is equipped with a “ Birlec ’ furnace, and a 
Wild-Barfield high-temperature atmosphere controlled 
furnace, both complete with panels for automatic tempera- 
ture control, a temperature recorder, and time switch. 
There are also smaller electric heat-treatment furnaces, 
and a fas-fired furnace for melting non-ferrous metals. 
A high-frequency furnace is shortly to be installed. 

The combined staff of the Laboratory, exclusive of clerks 
and laboratory attendants, is at present 43, but if necessary 
it could be increased to 60 without inconvenience. Pro- 
vision has also been made to permit of another storey 
being added to the building should circumstances demand it, 
without any dislocation of work. 


Canada Leads in Platinum Metals 


Tue successful development of the copper-nickel mines 
near Sudbury, Ont., has been largely responsible for 
increased Canadian production of metals of the platinum 
group, as the ores of these mines contain a notable amount 
of platinum metals and are the chief source of the Canadian 
output. A few ounces are also obtained from the rivers of 
British Columbia and small quantities are recovered as an 
impure residue in the refining of gold at Trail, B.C. Since 
1934, Canada has been the leader in the world’s production. 

During the past fourteen years the price of platinum 
has fallen considerably, decreasing from about six times 
the price of gold to approximately the same value. This 
reduction in price, together with research on the possi- 
bilities of platinum as an industrial metal has brought 
about a greater use and increased demand for platinum. 
Due to its high melting point and specific gravity, its 
freedom from oxidation at high temperatures, and its 
comparative immunity to acid, platinum is finding in- 
creasing use in the industrial field. In the electrical 
industry it is used extensively for contact points, power 
switches, thermostats, resisters for high temperatures, 
electric control apparatus and clocks, while the chemical 
industries use platinum for laboratory equipment, for 
anodes, and as a catalyst in the production of sulphuric, 
acetic and nitric acids. Rayon firms use platinum for 
spinnerets, glass manufacturers use it as a dye, and 
architects employ it as a plating material. 


38 
— 
_~ 
_ 
3 
f 
e 
| 
ARBE 


DECEMBER, 1938 


Heat-Treatment Research and Development 
Wild-Barfield’s New Laboratory 
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The permissible tolerance in heat-treatment to produce desirable properties in many 
alloys is frequently very narrow, the operation therefore is of vital importance. 
To assist in the development of proper technique in various heat-treatment 
operations, a research and development department has been instituted by Messrs. 
Wild Barfield Electric Furnaces, Ltd. The purpose of this department and some 


T has been said that modern heat-treatment should be 
considered as an art, since it requires knowledge, skill, 
and judgment for its proper performance. These, in 

turn, necessitate at least some knowledge of heat, of metals 
and alloys, and of the effect of heat on metals and alloys. 
But, with the increasing demands of the engineer for metals 
and alloys possessing improved properties, and the develop- 
ment of complex alloys which, with suitable treatment, 
fulfil these demands, the permissible degree of tolerance 
in the properties of these alloys has been continuously 
lowered ; it is not surprising, therefore, that at least one 
furnace manufacturer has taken steps to use the advantages 
of research to solve problems and to ensure greater accuracy 
in heat-treatment operations. 

It is now more fully recognised that changes brought 
about by heat-treatment frequently affect the constitution 
of the metal or alloy by altering the nature, form, size, 
and even the actual distribution of the components of the 
metal structure, and since the tolerance in treatment is 
often narrow, the operation is of vital importance. Modern 
alloys are frequently so complex that the determination of 
the most suitable heat-treatment to develop the desired 
properties requires considerable technical and _ scientific 
knowledge. 

In order to be in a position to cope with modern heat- 
treatment requirements, Messrs. Wild Barfield Electric 
Furnaces, Ltd., have equipped a research and development 
laboratory in conjunction with their heat-treatment 
furnace demonstration department. The object of this 
laboratory is to determine the most suitable heat-treatment 
operations necessary to produce in client’s materials the 
desired properties. For this purpose samples of materials 
are submitted to a thorough examination which include 
metallurgical tests and chemical analyses, and complete 
information regarding each particular sample will be 
supplied to clients. Obviously, unless the performance in 
the shop compares favourably with the standard set in 
the laboratory the value of the work is lessened ; to over- 
come this, facilities are afforded to reproduce to proper 
operating conditions in the demonstration department or 
at clients’ works. The company rightly regard heat- 
treatment as of vital importance in modern industrial 
development, and are now in a position to give service in 
the solution of heat-treatment problems, and to develop 
the most suitable technique for clients’ materials or 
products. 

The department is divided into two main sections: the 
chemical laboratory, where facilities are afforded for making 
a complete analysis of any sample submitted ; and the 
metallurgical laboratory, where samples are examined and 
tests made. Brief information regarding the equipment 
in these sections will be of interest as an indication of the 
thoroughness in which the department has been promoted. 


Metallurgical Laboratory 


The metallurgical testing laboratory is adequately 
equipped, and contains one of the latest types of Vickers’ 
pyramid hardness testing machine, complete with the latest 
improvements. With this machine the hardness is cal- 
culated in terms of the ratio load-impressed area. The 


of the equipment are briefly described. 


measuring microscope is of a special type, capable of 
measuring to 0-001 mm., and the impression in the specimen 
is illuminated. Instead of the usual scale or eye-piece 
micrometer, a specially designed micrometer ocular is 
provided. The impressions are read to knife edges and 
readings are taken entirely from a digit counter, mounted 
on the ocular. This machine is applicable to carburised, 
nitrided, cyanided work, etc., and is also applicable to very 
thin sheet. 

The latest type of Hounsfield testing equipment is 
installed for carrying out standard tensile tests on str.p, 
rods, wires, etc. ; notch-bar test ; slow-bend test ; com- 
pression tests; and cupping, punch sheet, and Brinell 
hardness. Graph sheets are attached to a drum on which 
tests are recorded autographically, so that, for many of the 
tests, clients can be provided with an actual record of the 
particular test on his material. 

A special bench is arranged for the grinding and polishing 
of samples for photomicrography, and is equipped with one 
of the latest types of polishing machines. The equipment 
comprises all the necessary polishing media for the pre- 
paration of both ferrous and non-ferrous samples for micro- 
scopical examination. A balance-room is housed in this 
section, equipped with an Oertling balance, as well as a 
standard chemical balance. 

An optical dark room is set apart for general micro- 
scopical work, photomicrography, and qualitative and 
quantitative spectrographic analysis. It is equipped with 
all the necessary apparatus for these processes, and com- 
prises a Vickers’ projection microscope of the latest type, 
which is fitted with both types of illuminant : the standard 
Point-o-lite and the carbon are. The microscope is com- 
plete with the full range of objectives, eye-pieces, etc., 
required for both micro and macro work, as well as the 
necessary equipment required when using polarised light. 
With this equipment a range of magnification from x 3 
to x 4,000 is available. 

A Browning spectroscope is installed which is used not 
only for the qualitative analysis of alloys, but also for their 
approximate quantitative analysis. The instrument pro- 
vides a useful means of determining the components of an 
unknown alloy and an approximation of the contents of 
each element present, the information gained, facilitates 
the investigation of a sample during the time a chemical 
analysis is made. The metals or alloys to be examined 
with this instrument are used in the form of rods in the 
standard type of are holder, the electrodes being fed by 
D.C. current at 110 volts. 


Chemical Laboratory 


This laboratory is equipped with three furnaces of the 
company’s construction: they comprise a solder bolt- 
heater, for the purpose specified and for general heating 
purposes ; a rectangular type laboratory muffle furnace, 
which is used for general purpose work for temperatures up 
to 1,000° C. ; and small tubular muffle furnaces, comprising 
a single tube muffle and a double tube muffle furnace for 
use in general chemical and metallurgical analysis—e.g., 
carbon combustion, etc. The muffle furnaces are hand- 
controlled by means of the ordinary type of resistance and 


; | 


METALLURGIA 


temperature arc indicated on a multipoint pyrometer, 
with dual scale for both base metal and platinum metal 


thermo-couples. An electrically heated oven is also 
installed for use in general chemical analysis, and is capable 
of temperatures up to 200°C.; thermostatic control is 
incorporated. Other electrical equipment comprises hot 
plates, and an electrically heated still for the production 
of distilled water. 

The layout of this laboratory is seen in the accompanying 
illustrations. The analytical bench, furnace bench, and 
the central benches are well arranged for convenient 
working. The analytical bench comprises a very modern 
type, a laboratory fitting with the central portion of the 
bench allocated to volumetric analysis, it being of construc- 
tion to take aspirators containing standard solutions, 
burettes, etc. At the extreme end of this bench is a large 
fume cupboard, fitted with a stainless steel exhausting 
fan and special asbestos piping for the removal of noxious 
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1. Grinding and 
polishing 
equipment. 

2. Furnace bench 
in chemical 
department. 
3. Vickers’ 

pyramid 

hardness testing 
machine. 


4. Part of optical 
dark room, show- 
ing Vickers’ 
projection 
microscope. 

5. Another  sec- 
tion of the dark 
room, showing 
the Browning 
spectroscope. 


and 7. Two 
views of the 

chemical 
department, 
showing the 

general 
arrangement. 


fumes. All the necessary chemicals likely to be required in 
metallurgical and chemical analysis are available in the 
laboratory, and the equipment is the latest of its type. 

The whole department is admirably arranged, and 
conforms to the best standard for research and development 
work, and is well equipped to enable the company to carry 
out thorough investigations for their customers, or in 
collaboration with customers’ own laboratories, technical 
staffs or advisors. Heat-treatment work is usually carried 
out in the demonstration department situated in the same 
premises, and the work can be thoroughly examined before 
and after heat-treatment. The new department is under 
the able direction of Dr. F. W. Haywood, and the company 
is to be congratulated on this development -which enables a 
regulation heat-treatment record and test sheet to be 
issued to customers, giving fullest particulars concerning the 
heat-treatment carried out and the results obtained from 
their own samples, 
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\ N 7 may acquaint ourselves with the forces that are 
at work in the world around us, but we can 
estimate neither their relative strengths nor 

their persistency under changing circumstances, and it is 

on these that their ultimate effect must depend. Even 
if we could calculate the re- 


pyrometry, precipitation hardening, high temperature and 
creep properties, as well as many others affecting not only 
the development of new alloys but the improvement of 
existing ones, must be fully appreciated to facilitate further 

progress. 
During the year that is now almost closed, much work 
has been done on increasing the purity of base metals, and, 
in addition, to nickel, zine, lead, 


sult of these conflicting 
forces, we should be faced with 
the problem of the influence of 
the individual, and it is pro- 
bable we underestimate this 
factor especially in those coun- 
tries where individuality seems 
to have been relegated to the 
background. tecent events, 
however, have shown that, in 
most countries, the opinions of 


Map we take this opportunity 
of conveying to all readers 
our Hearty Greetings for the 
Festive Season and Best 
Wishes for the coming pear 


copper, etc., aluminium and 
magnesium are being produced 
commercially in a very pure 
form. Some aspects of progress 
in the development and _ pro- 
duction of metals and alloys 
are discussed elsewhere in this 
issue, but it will be appreciated 
that to-day the demands of the 
engineer are being more readily 
satisfied, demands which, less 


the average individual are con- 
trolled and decisions involving catastrophic consequences 
to each person appears to rest with a small group of men. 

The conflicting forces are the outcome, largely, of the 
increased complexity of modern international life. Inter- 
national affairs have grown out of all knowledge, both in 
volume and complexity, and there is reason to fear that the 
machinery for dealing with the problems has proved 
inadequate to the task, and in consequence the world is 
still full of wars and rumours of wars. In many respects, 
therefore, the problems that have beset mankind throughout 
the ages are being repeated, and we are left with the 
impression that what is called progress should rather be 
termed change. But side by side with these political 
fluctuations, there is a steady and irresistible advance in 
that which sets the frame-work of our individual and social 
existence—the intimate knowledge of the world in which 
we live and its capabilities, all of which are summed up in 
the word science. 

There is no ebb and flow in development resulting from 
scientific investigation. Knowledge once gained remains a 
permanent possession. One age may be more successful 
than another in adding to the store or in making full use 
of that which exists, but the totality of the knowledge of the 
world is ever on the increase. Science is changing the 
world in which we live by making us more fully acquainted 
with the properties and potentialities of that which we find 
there. It has made us see that everything in that world 
has special potentialities of which we can avail ourselves 
when the need for their assistance occurs. To-day, science 
places it in the power of mankind to attain a substantially 
more rapid rate of progress, if circumstances were such 
that it could be directed only in the channels likely to 
uplift mankind, the result of which would be to increase 
the fruitfulness of human industry which alone will make 
the world richer. 

It is not proposed to discuss here the many fields in 
which science has contributed to progress, but we can 
point to the advance of technical knowledge from which 
can be formed a broad estimate of what has been accom- 
plished in the application of science to industry, in which the 
metallurgist and engineer is more directly concerned. The 
accomplishments of the past are a legacy of inestimable 
worth. The vital importance of such discoveries as those 
relating to the microscopic study of metals, thermo-electric 


than ten years ago, would have 
been regarded as impossible of accomplishment. In such 
branches of engineering as aircraft and motor-car produc- 
tion, the tendency is to reduce weight and increase efficiency. 
This has resulted in the establishment of increasing numbers 
of standard specifications to ensure a very rigid production 
control and uniformity of quality of materials, testing 
facilities having, in consequence, become a routine feature 
of production control, involving the more general use of 
proof stress and impact tests. In all phases of metallurgical 
activity improved products demand a stricter and more 
accurate control of the basic materials used and in the 
various technical processes involved in their production. 

Progress in ferrous and non-ferrous research is not con- 
fined to any one field ; the demand to-day for high-grade 
alloys for every conceivable purpose is very marked, and 
includes the development of acid and heat-resisting alloys 
which only a few years ago were still in the embryo stage. 
The outlook for the future is towards increasing develop- 
ment at a cumulatively rapid rate, and it would appear that 
firms exploiting the manufacture of ferrous and non-ferrous 
alloys will survive only acording to their production con- 
trol, necessitating ever-increasing laboratory technical 
equipment and the application of the results of fundamental 
research. 

There are no conflicting forces in the progress achieved 
as a result of the application of science. There are no 
economic barriers erected against the universal application 
of the results of scientific discoveries ; scientists throughout 
the world are international figures, and form a brotherhood 
which could with advantage be copied by politicians. 
The desire of mankind is for still higher standards of living 
which increased scientific knowledge will give ; on the other 
hand, however, extravagant expenditure on armaments is 
responsible for stupendous waste which is preventing 
mankind achieving its desire. All nations are apparently 
desirous of peace, but the year has seen opposing forces 
engaged in destructiou, and no means has as yet been 
devised to effect peace and limit extravagance in the 
broadest sense ; therefore it is doubtful whether this year 
will be regarded as outstanding in its contribution to the 
progress of the world as a whole. But the desire of mankind 
for a high and still higher standard of life is instinctive, and 
science offers mankind the power to accomplish this, 
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Substantial Cuts in Steel Prices 


OLLOWING a meeting of steel interests to consider 
F the new price scale, the British Iron and Steel 
Federation announced on December 9 that with the 
concurrence of the Import Duties Advisory Committee, the 
affiliated associations have reduced prices over a wide 
range of products, as from January 1, 1939. The reductions 
in prices range from about 6° to about 8}°%, and they 
will remain effective for six months. 

In fixing the new prices, the Federation emphasise that 
steelmakers have been confronted with raw material costs 
which are at present not appreciably lower than they 
were in the middle of 1937. They have had regard, how- 
ever, to the economies in production which will follow any 
expansion in output, and a liberal view has been taken of 
possible future reductions in raw materials. An optimistic 
view has also been taken of the trend of demand which the 
improved November output has probably contributed. 

The chief reduction in prices, which are subject to the 
proviso in all sales and contracts that deliveries after 
June 30, 1939, will be at the Association prices then ruling, 
are as follows :— 


Reduction 
per Ton. 
Pig-iron :— 
12/6 


Heavy steel products :— 


Plates (heavy, medium, and chequered) ...... 17/6 
Semi-finished steel :— 
Soft basic billets, blooms and slabs for re-rolling : 
Forging billets, blooms and slabs, basic ...... 12/6 
Sheet and tinplate bars 10/- 
Rolled and re-rolled products :— 
Merchant bars, sections, hoop and strip, basic : 
Sheets :— 
£1/5 


The reductions generally will ease production costs in the 
consuming industries, though many users expected more 
substantial cuts than have been announced, it should be 
noted, however, that the new prices will be 20 to 25% 
under the slump level of 1933 with pig iron and coke up by 
about 37°, and imported ore up by about 50%. Cheaper 
steel is a very important contribution to the lowering of 
costs in a great number of industries, and should give a 
fillip to industry generally. 


Correspondence 


Sir,—May I ask you to correct the impression that may 
be given by the report of my contribution to the discussion 
on the paper, “ Specific-Heat-Temperature Curves of Com- 
mercially Pure Iron and Certain Plain Carbon Steels,” by 
Dr. Sykes and Mr. Evans, given on page 20 of the November 
issue / 

I pointed out that electrical methods as used by Dr. 
Sykes in the present investigation and by myself 25 years 
ago were capable of giving true specific heats, whereas the 
calorimetric method on which Naeser based his conclusions 
gave mean specific heats over a range of temperatures, and 
the conclusions he arrived at were not conclusive as regards 
the existence of “ peaks” in the specific heat-temperature 
curve. 

Dr. Sykes and I are in agreement as to the specific 
heat data. 

My subsequent remarks as to the desirability of inter- 
changing samples and varying the method of experiment 
were directed towards the investigators who had found 
discontinuities by mechanical tests.—Yours faithfully, 

Teddington, Ezer GRIFFITHS. 
December 3, 1938. 
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Forthcoming Meetings 
IRON AND STEEL INSTITUTE. 

Dec. 19. Joint Meeting with the Cleveland Institution of 
Engineers, in the Cleveland Scientific and Technical 
Institute, Middlesbrough. 

INSTITUTE OF METALS. 
BIRMINGHAM SECTION. 
Jan. 17. ** Practice in Mechanical Testing,” by V. E. Green. 
LONDON SEcTION. 
Jan. 12. Selection from Institute papers. 
Nortu-East Coast SEcTION. 

Jan. 10. Joint Meeting with Newcastle Branch, Institute of 
British Foundrymen. Mechanisation in the 
Foundry.” 

ScorrisH SECTION. 

Dec. 20. *‘ Developments in Alloy Sections and Tubes for 
Marine Engineering,” by A. B. Graham. 

Joint Meeting with the Institute of Engineers and 
Shipbuilders in Scotland. 

Jan. 16. ‘“* The Development of Corrosion Resisting Aluminium 
Alloys.” by G. W. Lacey, B.Sc. 

STAFFORDSHIRE IRON AND STEEL INSTITUTE. 

Jan. 10. “* Modern Forging Methods,” by F. J. Somers. 

NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 

Dec. 16. “* Electrical Propulsion of Ships,’”’ by L. R. Horne, 
M.Eng. 

Jan. 6. “Intercrystalline Cracking in Boiler Plates,” by 
Dr. C. H. Desch, F.R.S. 

INSTITUTE OF BRITISH FOUNDRYMEN. 
LANCASHIRE BRANCH. 

Jan. 7. “‘ Cardinal Points in the Production of Light Cast- 

ings,” by J. A. Reynolds. 
BuRNLEY SECTION. 

Jan. 10. “The Manufacture and Application of Grinding 
Wheels,” by a member of the staff of Universal 
Grinding Wheel Co., Ltd. 

NEWCASTLE-ON-TYNE BRANCH. 
Jan. 10. Joint Meeting with Institute of Metals. 
ScorrisH BRANCH. 
Jan. 14. “* The Relation of Moisture to the Principal Pro- 
perties of Moulding Sand,”’ by J. Dearden, B.Sc. 
FALKIRK SECTION. 
Dec. 19. ** Alloy Cast Irons,” by T. Shanks. 
SHEFFIELD BRANCH. 

Jan. 5. “ Foundry Work in Dentistry,” by G. H. Froggatt, 

L.D.S., M.R.C.S., L.R.C.P. 
WaLes AND MonmoutH BRANCH. 

Jan. 7. “ Why not Green Sand?” by F. Whitehouse. 
THE INSTITUTE OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND. 

Dec. 20. ** Developments in Alloy Sections and Tubes for 
Marine Engineering,” by A. B. Graham. 

ELECTRO-DEPOSITION OF METALS. 

A series of four lectures dealing with various aspects of 
progress in the electro-deposition of metals will be given by 
Dr. S. Wernick, M.Sc., at the Northampton Polytechnic, on 
January 10 and 24, and February 7 and 21, 1939. The chair 
at the first lecture will be taken by Mr. S. Field, A.R.C.Sc. 
The inclusive fee for the four lectures is 5s., and in order that 
readers will appreciate the value of these lectures a brief 
synopsis of each lecture is given below :— 

Jan. 10. “‘ Improvements in Plating Processes.” 

Brief historical review of industrial developments in 
the electro-deposition of metals. Most important 
uses to which electro-deposition is applied. Decora- 
tive and protective applications. Nickel and 
chromium plating; zinc and cadmium plating. 

Jan. 24. ‘“‘ Modern Plating Plant.” 

Development of plating plant, from manual to semi- 
automatic and fully automatic working. Conditions 
under which each of these types is best employed. 

‘eb. 7. ““The Anodic Oxidation of Light Metals.” 

Historical ; industrial applications of anodising. The 
various processes which have been developed in 
this country and abroad. The dyeing of anodised 
aluminium. Protection of magnesium and its alloys. 

Feb. 21. “* Bright Metal Deposits.” 

The advent of chromium and the platinum metal 
deposits. Rhodium plating, its development, 
operation and applications. Bright nickel-plating 
of brass, steel, and zine base die-castings. 


(plus reduced extras) 
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Some Notes on Recent Developments 


with Nickel Alloys as a Result 


of 


Progress in Research 


The development of new and improved products in metallurgical fields depends largely 
upon fundamental research, and in this article recent developments with nickel alloys, as a 
contribution to progress in engineering, is discussed with particular reference to nickel- 


Nickel-Copper Alloys 
TT « well-known series of nickel-copper alloys has for 


many years been one of the most widely used of the 

non-ferrous alloys. From 2%, of nickel up to the 
68°,, contained in Monel,* a number of compositions exist, 
each possessing certain useful characteristics. Apart from 
the long-established 75/25 copper-nickel composition used 
for coinage and the lower nickel alloys used for locomotive 
fireboxes and other corrosion-resisting services, one of the 
most pronounced developments in recent years has been 
the large-scale production and application of 70/30 cupro- 
nickel tubes to solve the problem of corrosion in marine 
and land power station condensers. In connection with 
these tubes, some interesting information has come to light 
during 1938 from laboratory research, and on their service 
behaviour over the last ten years. It is evident now that 
their resistance to the particularly virulent forms of 
corrosion from the circulating sea-water, such as impinge- 
ment attack, is due to their ability to form a highly pro- 
tective film, which is rapidly formed and is self-healing 
if in any way damaged. Whilst the tubes originally pro- 
duced more than 10 years ago have given excellent results, 
improvements in finish due to advanced methods of manu- 
facture (including the use of tube-reducing machines) and 
minor adjustments in the composition of the alloy, with 
particular attention to iron and manganese contents, have 
resulted in an even better tube being available to-day. 
The Queen Elizabeth, like her sister ship the Queen Mary 
and many other famous vessels, is tubed with 70/30 cupro- 
nickel. It is interesting also to note trends reported from 
U.S.A. and elsewhere regarding the use of small percentages 
of vanadium, chromium, iron, etc., in this type of alloy to 
modify certain properties. 

Turning to Monel itself, as is well known this alloy 
possesses extremely good mechanical properties at elevated 
temperatures, and for this reason is extensively employed 
in many directions. During the past year the effect of 
impurities was thoroughly investigated, and it has been 
determined that small amounts of lead seriously affect 


* “Monel” is a registered trade mark. 


Proportional limit .. .. 40 tons per sq. in. 
Maximum stress ” 


copper alloys, heat and corrosion-resisting alloys, nickel-copper steels and nickel cast iron. 


Two ‘‘ K ’’ Monel stems, 7 in. diameter x 18 ft. 5 in. long for a large river dam. After heat-treatment the following 
average properties were obtained from these stems :— 


ELONGATION 
TENSILE STRENGTH TONS persein. 


The effect of | 
lead on the a 
properties 


of Monel at 
elevated 
temperatures. 


the strength and ductility at steam temperatures, as shown 
in the attached figure. It will be observed that even the 
presence of 0-01°, lead in Monel reduces the tensile strength 
and elongation appreciably at 427° C. (800° F.), and if the 
best results are to be obtained, this element must be absent. 
This matter warrants serious consideration, particularly 
so far as the production of castings is concerned, where 
there may be a tendency for lead contamination to arise. 
It also indicates the need for the use of raw materials of 
high quality and purity. 

By small additions of aluminium tv Monel it has been 
possible to obtain an alloy which by the application of heat- 
treatment gives enhanced mechanical properties. Such an 
alloy known as “ K ” Monel* possesses after heat-treatment 
a remarkable combination of mechanical properties for a 
corrosion-resisting alloy as the figures indicate in the 
accompanying table. 

The fact that “‘K’’ Monel is non-magnetic (ordinary 
Monel is magnetic) has been of great interest to aircraft 
designers, since it can be used for parts near the compass. 
It has also found wide application for valve parts and 


O10 0020 0040 0050 060 
PER CENT LEAD 


*K" Monel is a registered trade mark. 


Elongation in 2 in. 24.7% 
Reduction of area 41.6% 
Brinell hardness 297 


i 


Typical MECHANICAL PROPERTIES OF K MONEL. 


Yield Max.  Elonga- Brinell Izod, 
Condition. Point, | Stress, tion, |Hardness Ft. /Lbs. 
Tons Tons o%, on No. 
Sq. In. | Sq. In. 2 in. 
Hot-rolled or forged 
and rapidly cooled 19 39 35 140 100 
Hot-rolled or forged 
and heat-treated 43 60 20 270 70 
Cold-drawn and 
heat-treated .... 60 72 12 320 50 


pump rods, and for other purposes where high strength 
combined with corrosion resistance are required. 


Nickel-plating 

For many years the possibility of depositing electro- 
lytically bright deposits in order to save subsequent 
polishing has quite naturally appealed to all platers. Whilst 
it has been possible to do this in the case of nickel, it was, 
until recently, only practicable to obtain very thin deposits, 
which were also rather brittle and consequently restricted 
the use. Latterly, however, there have appeared as a result 
of considerable research new types of bright nickel-plating 
solutions from which relatively thick deposits of nickel can 
be obtained, and which do not suffer from the drawbacks 
of the earlier solutions. These new type bright nickel 
solutions are now being increasingly employed in a wide 
variety of industries. 


Nickel Bronze 

Developments in connection with the nickel-copper-tin 
alloys are progressing steadily. Bronzes containing 5-0 
to 6-0°,, nickel, 5-0 to 10-0°,, tin, exhibit higher resistance 
to cavitation erosion than phosphor bronze and gunmetal. 
Accordingly, they are being employed in the “ as-cast ” 
state for pump impellers, etc., both in the United Kingdom 
and abroad. In addition, the use of nickel bronze gives a 
much better surface finish on the vanes of the impeller, 
and this reduces fettling cost and increases the efficiency 
of the pump considerably. Bronzes within the range of 
composition given above are also susceptible to age- 
hardening when greatly improved mechanical properties 
are obtained. In the past it has been understood that in 
order to effect satisfactory age-hardening it was necessary 
to employ a homogeneising treatment at 760° C., followed 
by quenching and reheating to 290°C. The initial high 
temperature homogeneising treatment is open to several 
practical objections, and a distinct advance has been made 
by the recent disclosure that nickel-bronze castings can be 
aged, if necessary, direct from the mould. For example, 
castings containing 5°,, nickel, 5°, tin, 2°, zinc, balance 
copper, heated direct from the sand at 290°C., give an 
excellent range of mechanical properties as shown below :— 
27-0 to 32-0 
Yield-point, tons/sq. in. ........... 18-0 to 27-0 


16-0 to 5-0 
120 to 170 


Max. stress, tons/sq. in. 


The high ratio of yield-point to maximum strength 
should be particularly noted. 

Bronzes containing 30 to 50°, nickel, 5 to 12°, tin, have 
proved suitable for corrosion-resisting bearings operating 
with stainless steel and Monel shafts. 


Nickel-aluminium Alloys 


The use of the nickel-aluminium alloys, such as “ Y 
alloy, the “RR” series of alloys, Birmasil Special, is 
already well known for structural purposes at both room 
and elevated temperatures. Recently, however, as the 
result of a considerable amount of experimental work, a 
new nickel-containing aluminium alloy, known as “ A.C. 9,” 
has been developed for bearings, especially those which 
have to operate under arduous conditions of high speed 
and load, such as on motor vehicles, where the service 
may be too severe for white metals, 
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By courtesy of Firth Vickers Stainless Steels, Ltd. 


Cream storage tanks made of austenitic nickel-chromium 
corrosion-resisting steel. 


Heat-resisting Alloys 

Improvements continue to be made in the _nickel- 
chromium heat-resisting alloys. The 80/20 composition, 
for so long standard for electrical resistance heating wires 
and tapes, is now produced with a life on test several times 
that of the material produced a few years ago. The 
80/14/6 nickel-chromium-iron composition, known as 
* Inconel,”’* is being found of great value for many heat- 
resisting applications, notably for aeroplane engine exhaust 
manifolds and tubular sheaths for electric resistance 
heaters used on domestic cookers. It is not generally 
realised that besides being resistant to the effects of heat, 
the group as a whole also possesses a corrosion-resistance of 
a high order, in many cases comparable with that of the 
austenitic stainless steels. 

Inconel has proved to be particularly suitable for service 
in the dairy and food industries in view of its resistance to 
the corrosive effects of milk, fruit juices, wines, etc., and 
whilst fabricated sections have in the past been readily 
available, the production of castings has been slow, due 
to insufficient knowledge of foundry technique. Practical 
research has now been completed in connection with this 
matter, and simple methods have been evolved for the 
efficient production of castings by any reasonably equipped 
foundry. 


Nickel-containing Permanent Magnets 

One of the more important metallurgical developments of 
recent times is that of the nickel-containing permanent 
magnets. Up to a few years ago, the various grades of 
cobalt steel were unquestionably the best permanent 
magnet alloys on the market. In recent times, however 
considerable research has been given to the precipitation 
hardening of nickel-aluminium steels. Amongst other pro- 
perties, these steels possess remarkable magnetic reten- 
tivity and various grades of nickel-aluminium or nickel- 
aluminium-cobalt steels offer to-day the highest magnetic 
quality now commercially available. 

The high magnetic energy available in these alloys has 
resulted in many striking developments in the field of 
electrical engineering ; just to mention one, the Hudd 
system of safety signalling on the railways, which has been 
tried out successfully in service, depends on the use of large 
magnets of nickel-aluminium cobalt steel which exert such 
magnetic energy that they will operate controls on a train 
passing at the highest speeds. 

Corrosion-resisting Steels 

Recent work in connection with the corrosion-resisting 
austenitic steels has perhaps been more concerned with 
manufacture and manipulation—i.e., melting, casting, 


* “Inconel” is a registered trade mark, 
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rolling, forging procedure, etc., rather than with investiga- 
tions directed towards the development of new com- 
positions. The types of steel which are already well known, 
for example, the 18°, chromium, 8°, nickel composition, 
to which small percentages of other elements may be added 
to meet particular requirements, have not undergone any 
substantial modification. Such changes as have occurred 
have been in the direction of overcoming difficulties in 
manufacture and fabrication, and this has resulted in 
making it possible to produce articles in the cast, relled 
and wrought forms which hitherto were deemed impossible. 

With regard to applications, the domestic and architec- 
tural fields and chemical and allied industries acec unt for the 
major consumption of these steels, but much attention 
has been devoted to their utilisation in other industries. 
The ease with which the material may be fabricated and 
its availability in almost all forms have resulted in in- 
numerable new applications where the service conditions 
demand a high strength-weight ratio combined with a high 
degree of corrosion resistance. In railway equipment, for 
instance, stainless steel is being increasingly applied, 
especially for coach construction. In power development, 
oil-refining, aircraft engineering, and the process industries, 
stainless steels are now regarded as standard for com- 
ponents and equipment which are called upon to fulfil a 
wide variety of functions. 


Alloy Steel Tools 


Considerable progress has been made in the adoption of 
nickel-containing steels fer engineers’ tools, such as 
wrenches, spanners, screwdrivers, ete., the steels favoured 
for these applications being the nickel-chromium and 
nickel-molybdenum types. A large number of such tools 
in use have long ceased to be what may be termed “ hand- 
tools,” and they are now power-operated, for example, in 
automobile assembly lines. Continued use necessitates 
adequate resistance to impact and fatigue which are pro- 
bably the essential requirements in order to ensure long 
life. 

Nickel-copper Steels 

An interesting development which has received a good 
deal of prominence lately is the introduction of nickel 
in the copper-containing steels for use in the normalised 
or as-rolled condition. There are a consideral#e number of 
types having varying nickel and copper contents which are 
made in two carbon ranges—one being about 0-1°, or 
below, and the other 0-15-0-25°,. The nickel and copper 
contents range up to 2-0°,, and 1-5°,, respectively. The 
combined addition of nickel and copper to steel results in 
increased tensile strength compared with carbon steels 
together with adequate toughness. The outstanding 
feature, however, of these steels is their relatively high 
yield point and yield ratio. Yield ratios of some 70°, are 
obtainable in the normalised condition. The tensile 
strength range varies, depending on the carbon content, 
but it may be said to be between 28-42 tons per sq. in. 

Advantage is taken of the mechanical properties, par- 
ticularly the yield point, in utilising these steels in place of 
carbon steel for applications where reduction of weight 
can be effected. Possibly in this connection the most 
widely used field is in applications, such as railway rolling 
stock, road transport, excavating machines, and other 
engineering products, where an obvious direct gain is 
obtained in reduced weight, so contributing to savings in 
running costs. 

It sometimes happens that when steels of improved 
mechanical properties are developed difficulties arise in 
fabrication, and these may be such that advantages in 
mechanical characteristics may be quite offset by workshop 
difficulties. Continued research work with these nickel- 
copper steels has led to means being found to overcome 
initial manufacturing and fabricating difficulties. In fact, 
these steels, as now commercially available, possess features 
of value to engineers in that they may be readily cold- 
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By courtesy of J. and EB, Hall, Ltd. 


5-ton pulley wheel casting in high-duty nickel cast iron 
(tensile strength 20 tons per sq. in.). 


pressed, and, with the low carbon content steels par- 
ticularly, welding can be carried out without difficulty. 
It is due to the combination of these characteristics—that 
is, good mechanical properties and ease of fabrication—that 
it is possible to redesign entirely structures of reduced 
weight and with an adequate factor of safety. 

A further characteristic possessed by these steels is their 
superior resistance to corrosion. It has long been known 
that the inclusion of copper considerably improves the 
resistance to corrosion of carbon steels, and the addition 
of nickel enhances the properties in this direction. The 
presence of nickel also helps in overcoming certain difficulties 
which are experienced in the hot-rolling of copper-containing 
steels. 

While these steels cannot be compared with the austenitic 
nickel-chromium steels in their resistance to corrosion, they 
do afford a means—and a cheap one—of securing more 
adequate resistance to corrosion, compared with carbon 
steel. 

Nickel Cast Iron 

Continuous progress has been made with the improvement 
of the mechanical properties of cast irons. This can be 
attributed in large part to a better understanding of the 
principles of cast-iron metallurgy and to better foundry 
technique. The use of alloys, however, to give further 
improvement in properties and a greater measure of 
control is now well established. 

Some results of the progress which has been made in 
cast iron in recent years can be obtained by comparing the 
original B.S.]. Specification No. 321, which was drawn up 
in 1928, with the specification for high-duty cast irons 
which was issued in 1938. The maximum strength on the 
1-2 in. diameter bar demanded by the earlier specification 
was 11 tons per sq. in., whereas the new specification covers 
three grades of castings, in which the strength on the same 
size of bar is respectively 14, 17, and 20 tons per sq. in. 
In the last grade the strength on the 0-875 in. bar is 22 
tons per sq. in. That such figures are now possible depends 
on a combination of the features mentioned above. In 
nearly all cases the higher strengths are achieved by a 
measure of alloying with nickel, with or without other 
elements. These high-duty cast irons have come to stay, 
and are already replacing parts made in cast steel on the 
one hand or allowing substantial increases in stress or 
reductions in section on the other. 
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Striking developments have also been made in recent 
times in the grades of cast iron possessing special properties 
developed as a result of higher alloy additions ; a typical 
example is ‘ Ni-Hard” which represents the hardest 
commercial iron now available and which is used increasingly 
for conditions where severe abrasion is encountered. 
Applications include crusher and grinder parts, pumps, 
wear plates and screens used, for example, in the coal and 
coke and mineral industries. 

The corrosion-resisting austenitic cast irons, such as 
Ni-Resist and Nicrosilal,’’ are becoming of increasing 
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importance in the chemical and allied industries ; space 
does not permit giving details of these applications, but it is 
sufficient to say that these developments are the result of 
recent research through which the scope of usefulness of 
cast iron has been widely extended. 

A particularly interesting development is that of the 
high nickel cast irons with controlled expansion character- 
istics, as in the case of the high nickel steels. Modification 
of the nickel content allows exceptionally high or ex- 
ceptionally low expansion coefficients to be obtained. 


Fatigue in Steels 


Present knowledge regarding some aspects of the behaviour of steel under repeated 
stress is briefly reviewed. 


HE history of fatigue investigation dates back to the 

I experiments of Hodgkinson in this country 100 years 

ago, and includes the work of Fairbairn in 1864, 
and the 12 years’ experimental work undertaken by 
Wohler in connection with repeated torsion, bending and 
direct stress. 

In discussing fatigue and corrosion fatigue of steels, 
Mr. B. B. Westcott* reviews present knowledge regarding 
some aspects of the behaviour of steel under repeated 
stresses; the fatigue limit or endurance limit of steel 
being the measure of its ability to resist repeated stresses. 

One of the findings given is that in a general manner 
the ratio of endurance limit to tensile strength or the 
endurance ratio, as it is commonly called, is greater for low 
and medium carbon steels heat-treated to give maximum 
ductility than for higher carbon steels heat-treated to give 
high strengths, but in spite of this generality there is no 
correlation apparent between endurance limit and ductility. 
According to the dynamic theory of suddenly applied 
loads, the maximum instantaneous stress produced is twice 
that which would be imposed if the same load were applied 
gradually ; and the miniraum or dead-load stress plus twice 
the live-load stress equals the tensile strength. The author 
points out that metallographic studies of steel under 
repeated stresses have shown that rupture is always 
preceded by the phenomenon of slip, and that fatigue 
failure is inevitably associated with failure of elasticity 
by that process of slip, the former being the sequel to the 
latter. 

The nature of slip is admittedly obscure, but the theory 
of the mechanics of failure by failure can logically be 
imagined, several interesting premises are made by Mr. 
Westcott, thus, for instance, he states X-ray analysis has 
shown that slip is not merely relative movement between 
adjacent parts of the crystal, but that the structure becomes 
fragmented into component parts of differing orientation. 
This action, as is well known, is accompanied by strain 
hardening, but there is no certainty that strain hardening 
is a direct consequence of fragmentation. Continued 
application of stress causes the slip and strain hardening to 
proceed, not uniformly, but locally both with respect to 
individual grains and with respect to sections within the 
grains at the junctions of the crystallites formed by 
fragmentation or crystal break-up. The state of strain 
upon atomic bonds at these boundaries is intense, and the 
limiting value of some is ultimately exceeded as the process 
of cold working by repeated stressing continues so that 
rupture is produced in the atomic lattice structure. When 
the stress exceeds the fatigue limit the rupture of atomic 
bonds becomes a cumulative effect, with the result that the 
discontinuities of structure develop through the stage of 
submicroscopic cracks into that of visible cracks which 
spread, under continued stressing, in the well-known 
progressive manner of fatigue failure. According to this 

* Mech. Eng. 6. 11. 813/22. 


theory, a fatigue crack has its inception within a grain 
and is propagated in an intracrystalline manner rather 
than in an intercrystalline manner. An interesting side 
light of this basic work being carried out at the National 
Physical Laboratory is Gough’s suggestion that crystallites 
make up the grain boundaries in metal and that change of 
orientation between grains is effected by a number of very 
small crystallites of slightly differing orientation, the 
structure of each being apreciably free from lattice dis- 
tortion but having strained or ruptured atomic bonds at the 
junctions. This conception, it appears, is more in harmony 
with the known facts of the crystalline nature of metals 
than the older amorphous theory of Rosenhain. The 
discussion of the important role of slip-in failure by fatigue 
must be terminated prematurely by the observations that 
while slip is most readily developed at high stresses, slip 
bands have also been observed after a large number of cycles 
of stresses considerably below the endurance limit. There- 
fore, visible slip does not necessarily connote impending 
fatigue failure. Conversely, an absence of visible slip is not 
a positive indication of freedom from damage. 


Experiments in connection with corrosion fatigue show 
that six generalisations are possible; that there is no 
relation between corrosion endurance limit and _ tensile 
strength ; that there is no definite effect attributable to the 
carbon content in plain carbon steels; that medium alloy 
steels have slightly higher corrosion fatigue limits than 
plain carbon steels, the benefit, however, not being regarded 
as commensurate with the greater cost ; that internal stress 
resulting from heat-treatment has an adverse effect on the 
corrosion fatigue limits of plain carbon and medium alloy 
steels ; that, as would be expected, corrosion-resisting steels 
have higher corrosion fatigue limits than carbon or medium 
alloy steels; and that chromium is more effective than 
nickel for increasing the corrosion fatigue limits of corrosion- 
resisting steels. 


Some most interesting data was established as the results 
of corrosion-fatigue tests made in the absence of air, 
tending to show that damage from corrosion fatigue is 
less in salt water in the absence of air than in fresh water 
in the presence of air; that some of the medium alloy 
steels suffer less damage through corrosion fatigue than 
carbon steels, low carbon steels, however, are damaged 
less than steels with medium or high carbon contents ; and 
that heat-treated steels suffer greater damage than when 
in the normalised, hot-rolled or annealed conditions. In the 
presence of hydrogen sulphide, nickel was found of the 
greater advantage for increasing  corrosion-fatigue 
resistance, but chromium was found more effective for this 
purpose if hydrogen sulphide were absent. 


It was established that the damage to steel by corrosion 
fatigue is largely dependent upon the rate of corrosion, and 
that the effect of repeated stresses upon the rate of corrosion 
is of minor significance. 
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Copper and Copper Alloys 


A Survey of Technical Progress during 1938 
By H. J. Miller, M.Sc. 


Recent work on copper and its alloys is reviewed, and attention directed to developments 
in the production and properties of cast copper; properties of wrought copper ; 
properties of brass ; properties of tin bronzes ; copper-lead bearings ; copper- 
chromium alloys ; alloys for electrode and contact purposes, including other 
electrical alloys ; copper silicon alloys and other alloy groups; resistance to 
oxidation and corrosion; some applications of copper; and joining practice, 


including soldering, 


SURVEY of metallurgical developments pertaining 
A to copper and copper alloys is a task of considerable 

difficulty principally because of the large volume 
of technical information published during any one year and 
the necessity for care in the selection of references. This 
review mentions a total of 66 of the more important papers 
and patents which have appeared during the past twelve 
months, these having been selected mainly on account of 
their bearing on industrial practice. 


Production and Properties of Cast Copper 


Apart from modifications in conventional refinery 
practice, as, for instance, that described by Benard,' in 
refining molten blister copper at Ontario, the last year 
has witnessed several interesting manufacturing develop- 
ments, although these cannot strictly be said to fall within 
the scope of one year’s progress. 

It might broadly be accepted that over the last few years 
the greatest amount of effort has been directed towards the 
production of copper free from or containing only small 
amounts of oxygen and also to its casting in vertical moulds. 
These changes have been reflected in appreciable improve- 
ments in the quality and properties of the finished products, 
particularly as regards ductility, and the advantages have 
also been stressed in the case of a type of oxygen-free high- 
conductivity copper which has recently been placed on the 
British market.” 

Amongst British patents granted during 1938 are two 
which deal directly with the production of oxygen-free 
copper. In a patent of the American Metal Co.,* it is 
proposed to make oxygen-free copper in a modified type 
of furnace, the metal being charged by a vertical tubular 
extension on one side of the furnace where reducing 
conditions prevail, and overflowing from a similar tubular 
extension on the other side; this section forms part of 
an evacuated chamber containing the moulds. The other 
patent* is concerned with the heating of cathodes in an 
electric radiating furnace under such conditions that the 
hydrogen occluded in the cathodes is freely liberated ; the 
degassed cathodes are afterwards melted by raising the 
temperature of the furnace and the ultimate cast shapes are 
claimed to be entirely free from hydrogen unsoundness. 

Direct and continuous casting methods have been under 
development for many years, and much experimental work 
has been expended on the casting of copper and of other 
metals and alloys. It is perhaps true to say that the year 
1938 has witnessed the fruition and commercial success of 
certain of these efforts, while in other cases certain processes 
have been abandoned. The terms “ direct casting *’ and 
“continuous casting "’ are applied to the production of 
semi-fabricated products and of cast billets and ingots 
respectively. While continuous casting processes can now 
be regarded as being more or less proved, direct casting 
cannot yet be considered as fully developed. 

Of direct casting methods, the Hazelett and Eldred 
processes for producing strip and rod respectively are the 


1. F. Benard, Amer. Inst. Min, Met. Eng. Tech, Pub, No. 909, (Metals Technology 
February, 1938). 
2. Metal Ind., Lond, 1938, 52, 389. 
3. American Metal Co. British Patent 477,720. 
4. Societé Generale Metallurgique de Hoboken, Sritish Patent 480,107, 


bronzing, and welding. 


best known. The Hazelett process, while having now proved 
unsuitable for certain types of brass, has been applied with 
a certain measure of success to the production of oxygen- 
free copper strip. The Eldred process has apparently not 
yet proved entirely suitable for copper. 

The continuous casting of copper billets has been under- 
taken on a large scale at one American refinery which is now 
marketing phosphorus deoxidised copper billets of 3 in. 
diameter cast by a method which has not yet been publicy 
described. At another American works the German 
Junghans process, which incorporates a copper water-cooled 
mould which has a reciprocal motion so as to prevent 
adhesion to the walls as the molten metal becomes solidified, 
is understood to have been successfully applied to the 
casting of much larger billets. 

A further very promising method of producing billets 
does not involve casting at all, although it is included in this 
section for convenience. This process involves the pro- 
duction of brittle cathodes which are roughly broken up 
and sintered in a reducing atmosphere into a billet shape ; 
this is then extruded into a billet suitable for later piercing 
and drawing. The method is restricted to electrolytic 
quality copper only and the product is free from oxygen, 
which may in this case prove to be a detrimental feature, 
since for some purposes at least other varieties of copper are 
preferable. 

Corson® has made a detailed examination of certain 
mechanical properties and of the density at various positions 
throughout the section of horizontally cast wire bars of 
tough pitch copper and of vertically cast ingots of deoxidised 
and oxygen-free copper. This work has emphasised the 
greater soundness and strength of cast oxygen-free copper. 

Lorig, Dahle, and Roberts* have provided some extensive 
data on the mechanical properties at elevated temperatures 
of oxygen-free and tough pitch high-conductivity copper 
in the cast states, and this data also shows the advantages 
of oxygen-free copper. In addition, Goetzel’ has described 
certain tests on cast oxygen-free copper. 

The influence of a wide range of added elements on the 
macrostructure of cast copper has been studied by North- 
cott,* who has attempted to correlate the crystal growth 
restriction factor with the valency and atomic structure 
of the elements added. 


Properties of Wrought Copper 


The comparison of the properties at elevated tempera- 
tures of tough pitch and oxygen-free copper undertaken 
by Lorig, Dahle, and Roberts,* included hot-rolled products 
in addition to cast materials ; it was found that the ductility 
of hot-rolled oxygen-free copper was somewhat better at all 
temperatures up to about 600°C. Goetzel’? also dealt 
with wrought oxygen-free high-conductivity copper, and 
his investigations included a determination of the fatigue 
properties. 

The properties of copper and copper alloys for locomotive 
fire-box construction have been reviewed in great detail by 
Amer, Inst. Min. Met. Eng. Tech. Pub. 932. (Metals Technology 
H, Lorig, F. B. Dahle, and D. A, Roberts. “* Metals and Alloys.” 1938, 9, 63, 
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Cook,* who also included the results of much experimental 
work, such as the determination of strength properties at 
elevated temperatures, annealing characteristics, and 
fatigue and certain other stress reversal tests. Cook also 
dealt with the advantages of Kuprodur, a temper-hardening 
copper-nickel-silicon alloy, which has been specially 
developed for locomotive fire-box purposes. 

Some interesting observations on the recrystallisation of 
copper have been made by Cook and Macquarie,'® special 
attention having been directed to the factors giving rise 
to the development of abnormally large crystal grains 
during annealing. 

Welter" has dealt with the creep of copper at tempera- 
tures of —60° up to 70°C. 


Properties of Brass 

In view of the great importance now attached to grain- 
size control in wrought alpha brasses, particularly in strip 
and sheet forms, the experience of Gonser and Heath,'® in 
connection with the addition of small amounts of chromium, 
is of much interest. As pointed out in the discussion of this 
paper, however, there may be practical difficulties in this 
method of achieving fine-grained products, and in any 
case there will be sacrifice of ductility. 

The influence of cold-working and annealing on the more 
general mechanical properties of the alpha brasses has been 
well known for many years, but Koster and Rosenthal'® 
have recently studied the effect of variation in working 
and annealing treatments on the modulus of elasticity and 
on the damping capacity of brass having a composition of 
72°,, copper, 28°, zinc. They report that the modulus 
of elasticity is at a maximum—i.e., 16-5 10° Ib. /sq. in. 
in the annealed condition, and that the reduction brought 
about by cold-working is of a more or less progressive order, 
the value obtained with a rolling reduction of 60°, being 
about 14-3 x 10° Ib. sq. in. 

A general consideration of the physical factors involved 
in the casting of high-tensile strength brass has been under- 
taken by Newson,'* while Duma'® has investigated the 
influence of manufacturing variables in the production of 
castings of a type of high-tensile brass for trunnion bearings. 

The effect of variations in the composition and structure 
of alpha-beta brasses on their mechanical properties has 
been studied by Unckel,'* with particular reference to front 
and back-end differences arising from extrusion conditions. 

Nickel brasses of the type represented by alloys having 
compositions of approximately 45°,, copper, 45°, zinc, 
10°, nickel, sometimes with a small amount of lead also 
present, are known to have excellent hot-working pro- 
perties, so that they may be fabricated by extrusion and 
by hot-stamping. The influence of compositional changes 
on the hot-working characteristics and on mechanical 
properties has been investigated by Cook,'’ the general 
conclusion being that appreciable departure from the above 
composition is not commercially possible without a sacrifice 
of colour, workability, or other features. 


Properties of Tin Bronzes 


Some two years ago it was established that the alpha 
solid solubility limit of the copper-tin series did not extend 
above about 2°,, at ordinary temperatures, although the 
solid solubility amounted to more than 15°, at 500°C. ; 
this form of diagram indicates the possibility of the alloy 
series being amenable to heat-treatment. A group of 
recent patents'* has been concerned with the improvements 
in electrical conductivity brought about by a low-tempera- 
ture heat-treatment. In particular, it is possible to improve 
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the electrical conductivity of hard-drawn 10°, phosphor- 
b onze wire without encountering any loss of strength or 
hardness. 

It has always been accepted that the tin bronzes have 
poor hot-working properties, and the limiting tin content 
for hot-working has usually been placed at 3°,, a figure 
which has been confirmed recently by Davis and Hook.'® 
Last vear it was established that the tin content could be 
raised to a much higher figure if iron together with chromium 
or vanadium were added ; more recently it has been claimed 
that copper-tin-manganese alloys containing 2—20°,, tin and 
0-25-5°,, manganese may be hot-worked with comparative 
ease.?° 

For castings, Stewart*' has provided some useful data 
on the creep properties of two commercial bronze alloys, 
one of which corresponded roughly with Admiralty gun- 
metal, while the other was a leaded gunmetal. He estab- 
lished the suitability of such alloys for service at tempera- 
tures up to about 260° C., although at higher temperatures ' 
their limiting creep loads were found to be of a very low 
order. 

Kihlgren®* has published the results of a comprehensive 
investigation on the production and properties of nickel 
bronze castings having a composition of 88°,, copper, 5°, 
tin, 5°, nickel, 2°, zine. By suitable quenching and 
tempering, castings may be made with a Brinell hardness 
of over 190, a tensile strength up to 40 tons ‘sq. in., and an 
elongation of 10°, on 2in.; it is, however, essential to 
exclude lead as an impurity and also to have sound castings 
in the first place. The much superior properties of such 
castings, as compared with those obtainable from ordinary 
gunmetal, indicate the possibility of their being widely used 
in the future. 

Fleck and Bunch*®* have investigated the influence of 
heat-treatment on closing the porosity of bronze castings 
of the gunmetal type: the recommended heat-treatment 
was 2 hours at about 725°C. This method of reclaiming 


leaky castings is not viewed with great favour in this 
country, but Fleck and Bunch state that the above treat- 
ment only results in slight changes in mechanical properties, 
the chief of which is a decrease in hardness due to absorption 
of the delta phase. 

Copper-Lead Bearings 

The production of copper-lead bearings for high-duty 
bearing applications has been further extended, and 
Ness** has claimed considerable improvements by 
addition of up to 1°, lithium to the alloys ; Osborg** has 
also dealt with this matter. One of the principal causes 
of lead segregation and poor structures in cast bearings is 
considered to be due to the presence of hydrogen dissolved 
in the molten alloy, and as lithium forms stable hydrides 
it is claimed to be possible to remove the hydrogen and so 
reduce segregation tendencies. Moreover, lithium, being 
practically insoluble in the solid state, will not reduce the 
thermal conductivity of the product, a matter which is of 
major importance, although it is often overlooked in the 
commercial production of copper-lead bearings. 

McCarrol and Jeter®’? have described the manufacture of 
copper-lead bearings according to the Ford method, which 
consists of coating steel strip by passing it through a bath 
of molten copper-lead alloy. General reviews of other 
production methods have been given by Lay** and are also 
contained in a publication of the Deutsches Kupfer 
Institut.?° 

The production of copper-lead bearings from powdered 
metals is also receiving attention, and an attractive sugges- 
tion is that a spongy copper matrix formed from copper 
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H. Fleck and T. C. Bunch. Amer, Fdy. Ass. 1938. Preprint. 
2 H. Ness. Brit. Patent 489,525 
25. H. L. Ness. Metal Progr. 1 32, G78. 
26. H. Osberg. Vetal Pregr. 938, 33, 45. 
27. R. H. MeCarrol and C. Jeter. tutomet. Industr. BS, 78, 205. 
vs. KE. Lay. Metallivirtschaft. 1938, 17, 1,199. 


29. Lead Bronzes.”” Deutches Kupfer Institut. 1958, 


F 
; 


DECEMBER, 1938 


powder sintered on the steel base should be prepared, and 
that this should be immersed in molten lead, when the lead 
would flow by capillary action into the pores of the copper 
matrix. 

Copper-Chromium Alloys 


Much attention has been given to copper-chromium alloys 
having a chromium content of 0-5-0-8°, sometimes with 
small amcunts of beryllium, silicon, silver, and other 
elements in addition. The properties of these alloys have 
been described in some detail by several authors, including 
Brace,**: Corson,** and Davis.** An outstanding feature 
of chromium-copper is that it may be heat-treated to 
develop an electrical conductivity of the order of 80%, 
with enhanced mechanical properties, and on this account 
the commercial alloys are proving to be of considerable 
service for special electrical purposes. Another feature 
is that in the temper-hardened state chromium-copper has 
a useful strength at elevated temperatures, and although 
its creep properties have not yet been fully investigated 
the marked superiority of this material over copper is clear 
from some creep figures published by Brace.*! 

Flinn and Norton** employed chromium-copper, amongst 
other temper-hardening alloys, in their experimental 
observations on changes which occur in the damping 
capacity of alloys as a result of precipitation-hardening 
treatments. 

Alloys for Electrode and Contact Purposes 

The severe service conditions imposed on contact 
electrodes in resistance welding have necessitated con- 
siderable experimental work during the past few years, 
and many special copper alloys have been developed for 
this particular application. The behaviour of certain 
of the more widely used alloys, including copper-cobalt- 
beryllium, chromium-copper and others, has been reviewed 
by Harrington,** from whose record of the maximum 
service temperatures suitable for the various materials it is 
apparent that the copper alloy with 2-6°, Co. and 0-4°% Be. 
is quite satisfactory for long-period service at temperatures 
up to 400° C.; chromium-copper was indicated as being 
suitable for temperatures up to 350° C. Alloys with smaller 
quantities of cobalt and _ beryllium—i.e., about 0-5% 
cobalt and 0-3°, beryllium, have been suggested for use 
as electrodes,** while for electrical contact purposes copper- 
cadmium alloys containing nickel and silicon to render 
them heat-treatable have been proposed.*’ 


Other Electrical Alloys 


The development of a conductor material having the 
maximum strength consistent with ease of manufacture by 
hot rolling and drawing at high speeds, and having at the 
same time a fair conductivity, has been described by Davis 
and Hook.'* Alloys of copper with aluminium, silicon and 
tin were investigated, and an alloy containing 2-5°, 
aluminium and 1-75°, tin, giving a tensile strength of over 
60 tons/sq. in. with an electrical conductivity of 17°, was 
finally selected. 

Copper nickel-manganese alloys, known as Manganin, 
have long been of interest in the electrical industry, 
principally because of their low-temperature coefficient ; 
the influence of heat-treatment on electrical properties has 
now been studied by Schulze.** 


Copper-Silicon Alloys 

The copper silicon alloys, known as silicon bronzes, are 
being increasingly used in industry, and both Gillett®* and 
Thum** have given general surveys on the properties and 
manufacture of these groups of alloys. One of the out- 
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standing features is the readiness with which welding may 
be carried out, and this point has undoubtedly been of 
much assistance in the commercial exploitation of the 
alloys ; reference to recent papers on the welding of silicon 
bronzes is made later. 


Developments with other Alloy Groups 

Relatively little use has in the past been made of man- 
ganese as an alloying element in copper alloys, although it 
has been realised, of course, that the mechanical properties 
of some of the alloys are superior to those of many of the 
better-known copper-base alloys. Following experimental 
work on the production of high-purity manganese at an 
economic price, Dean*' has forecast a much greater use of 
manganese as an alloying element in copper alloys. It 
might be noted that copper-manganese-cadmium alloys 
containing up to 11%, manganese and 3°, cadmium, have 
recently been suggested for applications, particularly in 
steam atmospheres, involving corrosion and inter-crystalline 
attack." 

Copper-base alloys containing nickel and aluminium 
additions are of interest mainly on account of their heat- 
treatment possibilities and further American patents‘ 
have been secured covering certain brasses. The recent 
investigations on the constitution of the ternary copper- 
nickel-aluminium series by Alexander,** and Bradley and 
Lipson are of great help in view of the commercial interest 
now attaching to these alloys. 

With titanium and nickel additions to copper there is also 
a response to heat-treatment and alloys within the range 
of 1 to 10%, titanium and 2 to 50°, nickel are covered in a 
recent patent.*® 

The addition of tellurium and of selenium to copper-base 
alloys for the purpose of improving machinability, has been 
studied by Smith,*? and by Burghoff and Lawson.** The 
principal advantage attending the use of these elements, 
instead of the usual lead addition, is that the hot-working 
characteristics are not greatly impaired. The conductivity 
is little affected, and as many parts employed in the 
electrical industry involve a considerable amount of 
machining, it is considered that the new free-machining 
types of copper, which can thus be obtained by the incor- 
poration of approximately 0-5°, of tellurium or selenium, 
will be very useful. 


Resistance to Oxidation and Corrosion 


In view of the corrosion-resisting properties of copper 
alloys and the large number of commercial applications 
involving corrosion services, a certain number of new 
developments and first-class reviews are naturally provided 
in most years. May*® has contributed a survey of progress 
with regard to condenser tube corrosion, while two German 
textbooks on corrosion®® *' usefully summarise present 
knowledge on the subject of corrosion generally. 

A further report on the A.S.T.M. investigations on the 
atmospheric corrosion of non-ferrous metals and alloys 
has appeared, after exposure of the specimens for six years 
in various situations.**? Copper and most of the copper 
alloys, with the exception of certain brasses, suffered only 
slight losses of strength or ductility under any of the 
conditions. 

Price and Thomas** have made a careful study of the 
oxidation of copper-aluminium alloys at high temperatures, 
and by a special selective oxidation treatment, so as to 
develop protective films, they have been able to improve 
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the oxidation resistance of such alloys to quite a consider- 
able extent. The oxidation of beryllium-copper has been 
investigated by Terem.** 

Some Commercial Applications of Copper 

It is only possible to include three comparatively small, 
but nevertheless interesting, uses of copper in this section. 
The first concerns copper moulds for the casting of various 
metals and alloys; an excellent review of the present 
position has been made by Scherzer,®* while more recently 
Erichsen** has described a new type of copper water-cooled 
mould for the casting of flat slabs of brass and other metals. 
It is claimed that this method of casting, followed by 
machining of the upper surface, is more satisfactory and 
economical than the casting of vertical ingots. 

The second is the application of copper powder in 
industry. The production of porous bronze bearings and of 
copper-tungsten electrodes for spot welding has been 
reviewed by Hoyt.*? The manufacture of self-lubricating 
bearings from copper-lead powder mixtures containing 
certain organic compounds is the subject of a recent patent,** 
while a further patent®* is concerned with the manufacture 
of copper strip and sheet from powders. 

Lastly, electro-deposition methods for producing various 
fabricated components have been extended, and a recent 
interesting idea is the production of gauze cloth by the 
deposition of copper on to photo-engraved cylinders. This 
gives a deposited strip with extremely accurate perforations, 
and the fact that there are no ** kuckles,”’ as in the case of 
woven wire mesh is an advantage for certain screening or 
sieving purposes. 


Joining Practice—Soldering and Blazing 


Soldering, silver-soldering, and brazing are so well 
established that it might have been thought that there was 
little need for further investigation ; however, some recent 
papers reveal that many interesting developments are 
occurring. Chadwick*® has investigated the strength of 
soft-soldered joints made with various types of copper, and 
observations were particularly directed to the strength of 
such joints after ageing at slightly elevated temperatures. 
It was found that there was a serious deterioration in the 
strength of joints made with tin solders on certain com- 
mercial varieties of copper, especially arsenical tough pitch 
copper ; joints made with lead-silver solders were found 
to be quite stable. 

Silver soldering and brazing are now being performed 
by means of resistance heating, and this promises to be a 
development of first-class importance. Reed and Edelson*! 
have given an interesting description of resistance-brazing 
practice, using carbon electrodes, and the future possibilities 
of this production method are clearly indicated in this 
paper. 

The brazing of completely assembled articles is now 
frequently performed by heating in controlled atmosphere 
furnaces. The size of article and the number of joints made 
are continually being increased, as engineers become familiar 
with the consistent quality of the joints and with the 
economies of this process. Some idea of the savings which 
can be effected may be obtained from the recent description 
by Weir and Webber® of the production of boiler units 
with over 1,000 copper tubes, all of which were jointed 
with silver solder in one heating operation. 

Joining Practice—Welding 

Whereas in this country the welding of copper and copper- 
base alloys is mostly carried out by means of the oxy- 
acetylene process, in America electric-arc methods are more 
favoured. 
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The carbon are-welding of copper-silicon alloys has been 
investigated by Bunn, Hunter, and Seidlitz,®* and also by 
Vreeland.** These researches show that very high welding 
speeds may be attained in welding copper-silicon alloys by 
the carbon-are process, these being up to 10 in. per min. ; 
there is no difficulty in securing joint strengths of about 
24 tons/sq. in. in the as-welded state, although peening is 
recommended. 

Carbon-are methods of welding copper have been 
investigated by Hook and Swift, in addition to Vreeland." 
Copper welding practice in America is apparently very 
different from that ruling in England, since most American 
products are made in tough pitch copper (as is the German 
practice), while the joints are usually made with bronze 
filler rods, the tin contents of which often range up to 8%. 
Hook and Swift have made some interesting comparisons 
between tough pitch and deoxidised base materials when 
using a range of filler rods, including various deoxidised 
coppers, tin bronzes, and silicon bronzes. Their work 
provides ample evidence that deoxidised copper is a better 
base material, while a further finding is that the copper 
welding rods must contain definite amounts of deoxidants 
in order to counteract the pick-up of oxygen, which is much 
more serious when using the carbon-are welding process 
than with the oxy-acetylene method. The best results 
reported by Hook and Swift were obtained with filler rods 
containing about 3°, of silicon. While much of the work 
by Hook and Swift is not of direct practical application to 
British practice, it may nevertheless stimulate interest in 
carbon-are welding in this country, as there are clear 
indications that the carbon-are autogenous welding of 
copper would be quite feasible with copper filler rods con- 
taining approximately 0-25°, silicon, so as to counteract 
oxygen pick-up. 

The metallic are welding of copper has made further 
progress in Germany, and the shielded are electrodes 
developed by Lessel are now employed for the welding of 
staybolts in locomotive fireboxes.** 


Journal of Institute of Metals, Vol. LXII 


Tuis volume of the Journal of the Institute of Metals well 
maintains the standard set by its predecessors. In addition 
to the stimulating Presidential Address by Dr. C. H. Desch, 
F.R.S., entitled, ** A Chemist’s View of Metallurgy,” the 
book contains twelve original papers, with discussions, on 
questions of great theoretical and practical importance in 
the field of non-ferrous metallurgy. These papers deal 
with such diverse subjects as the age-hardening of alu- 
minium alloys, the crystallisation of copper, the physical 
and mechanical properties of nickel-brasses, magnesium 
alloys, rolled molybdenum sheet, the creep of tin and its 
alloys, porosity in hot-tinned coatings on copper, and soft- 
soldered joints. Powder metallurgy, which is becoming of 
such increasing importance, is represented by a contribution 
from the General Electric Co., Ltd., on copper-nickel- 
tungsten alloys sintered with a liquid phase present. The 
volume concludes with Professor G. I. Taylor’s May 
Lecture on “ Plastic Strain in Metals,” in which the author 
describes his work with Dr. C. F. Elam on the straining of 
metallic single crystals, and discusses the application of 


experimental results with single crystals to polycrystalline 


aggregates. 

Like the previous volumes, the book is excellently 
produced, well bound, the diagrams are clear, and the 
photographs are printed on excellent quality paper. 

Edited by S. C. Guillan ; published by the Institute of 

Metals, 4, Grosvenor Gardens, S.W. 1; price 31s. 6d. 
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The MICROMAX similarly records and 
controls progressive fractions of a degree, and 
this with relentless constancy which is ‘‘ dead- 
beat,’’ without lag or backlash, absolute ; the 
nearest approach to perfection in pyrometric 
accuracy known to modern industry. 


The MICROMAX is a paradox of laboratory 
precision and rugged strength. Nor can it be 
compared with other pyrometers because, before 
such others could ‘‘ come to life’? under the 
impulse of minute temperature changes, the 
MICROMAX immediately indicates and records 
them, simultaneously operating the controls and 
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A nd then following upon the Dark Ages — 


came an epoch known as the * ‘Unenlightened Age — 
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grievous burdens eee and the hearts of men were 
as heavy within them as the very weight of the 
chariots. Yea — and verily the sayings of the 
Books of Tech-ni-cal were also made heavy in 
understanding lest men should find enlightenment 
therein. Now there was a Company of Actificers 

Metals of name Reynolds who said amongst 
themselves, a Let us make metals wrought to 
exceeding lightness in steels of new tempering — of 
alloys that shall make chariots take to the highways 
and skyways in sheer lightness of Joy. "And they 
did so. Then call they scribes and said, Write 


lightly of what we have wrought — that the minds 


of men may become as enlightened as their industry. 
Now the work of the scribes is accomplished. The 
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Between the Mechanical 


Properties and Results in Service’ 
By L. W. Schuster, M.A. 


None of the properties determined in the most commonly adopted mechanical tests 
is an important factor in causing a normal failure of service. The usual failure is 
due to faulty design or work-manship, carelessness in operation, or such causes 


as torsional or other forms of vibration. 


In this article the Izod test is discussed 


in relation to results in service. 


load is applied to similar parts of different material, 

the stress is always the same in each. Fig. 11 on the 
left, shows stress-strain diagrams for two materials, and, 
at the right, the corresponding stresses when a bending 
moment is applied to a part with a smooth surface. As 
the elastic modulus of all steels is sensibly the same, the 
strain in any steel will be the same up to the yield point. 
The sketch at the right shows that in steel B, as soon as 
the yield point is reached, the stress remains constant, 
while in steel A the stress rapidly rises; this applies to 
a part such as a crane hook under proof loading. Should 
the part be a shaft, a fillet or any other discontinuity at 
the surface may readily cause the yield point of material 
B to be reached locally. 

The Izod Test 


As has been established, the result of the Izod test does 
not essentially show the capacity of material for with- 
standing impact. The velocity of any such notched-bar 
test, as usually applied, is far too low for such a purpose. 
Though the result depends upon several factors, on which 
it is not the purpose of this paper to enlarge, it may be 
said that the final stage of the test does afford an indication 
of the ease with which a crack, after it has once formed, 
will spread through metal. This phase of the test is 
related to service failures inasmuch as, when an incipient 
crack breaks out in a machine part, there is certainly an 
advantage for the material to have a high resistance to 
the spread of the crack. The more rapid the spread of a 
crack, the greater the chance that it will be discovered 
before the whole section of the part is broken ; otherwise, 
severe consequential damage may readily take place to 
other important parts of the engine or machine, and 
human life may often be jeopardised. 

Those responsible for the safe working of a boiler plant 
particularly have to guard against the use of material in 
which a crack will extend at a dangerous rate. In tough 
material a crack may be in existence for a considerable 
period before final fracture takes place, and this allows 
discovery during a periodical inspection before the crack 
has become dangerous. Causes leading to discovery are 
audible knocking of the running part, overheating of 
journals, or the issuing of oil from the end of a hollow 
part, or cracks are commonly found during a periodical 
inspection. 

A practical demonstration is furnished by the hydro- 
static testing to destruction of welded vessels. Where the 
welded material has given a high Izod value, the crack in 
the longitudinal seam, when once formed, has spread at 
a comparatively gradual rate through the metal, but 
where the Izod value has been low, sudden rupture has 
taken place through a series of incipient cracks. Fig. 12 
shows weld metal containing an unrefined layer at the 
top. After the specimen had been slightly deformed a 
crack was set up; this suddenly jumped through the 
coarse metal, but it was immediately held up when it 
reached the refined lower runs. 

In considering the usual failure of service, it is evident 
that the earlier part of the notched-bar test is of far the 


T: is a mistake to assume that, just because the same 


* Continued from November issue, p. 28. 


greater importance, in so much as the energy expended 
during the early stages of fracture shows the relative 
capacity of different materials to deform at a notch without 
initial cracking, and therefore, in a measure, shows their 
capacity for standing up to stress concentration at a 
notch. The test, when results are duly considered, certainly 
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Fig. 11.—Comparison of stress at the outer fibres of a 
beam ; elastic material v material stressed beyond the 
yield point. 


shows the capacity of a material to deform without 
extension of the initial crack into the body of the specimen. 
It must be agreed, however, that the Izod test, which 
gives an integrated value expended during all stages of 
the test, is a clumsy method of obtaining this information. 
The energies can however, always be separated out by 
making load-deflection diagrams or from prior knowledge 
of the class of material. Useful information is also ob- 
tainable for mild steels by an examination of the surfaces 
of fracture. Though the general fracture may show 
crystal-line facets, a structural mild steel, if it offers a 
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Fig. 12.—Weld metal containing an unrefined 
layer at the top. x 75 
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ZOD VALUE i 
30-0, k 29°8 ft. Ib 


VALUE 
38, 


BOTTOM OF NOTCH 


SHALLOW SHEAR 
TEAR 


Fracture surfaces of two specimens following 


Fig. 13. 
Izod tests. 


high resistance to failure, will show, just below the notch, 
a darker area, where failure has taken place in shear, as is 
shown by the specimen at the right of Fig. 13. The greater 
the resistance to the early spread of the crack, the deeper 
will be this area. 

On the question of mass effect, 1 will just add that 
within limits it is to be presumed that a material offering 
a higher resistance than another to the initiation of a 
erack when in small section on an Izod test will offer the 
higher resistance when in large mass. 

The relative behaviour of two entirely different steels, 
at the beginning of the test, is exemplified by Fig. 14. 
A diagram for a mild steel is superimposed on a diagram 
for a nickel-chromium steel. It will be seen from the 
bottom line of the Table that the overall Izod energy 
for the mild steel is under half that for the alloy steel, 
yet, at the stage at which the peak of the diagram is 
reached, the energy absorbed is appreciably the greater, 
as is shown in the top line. First failure takes place a 
little before the peak of the diagram is reached, and it is 
clear that the greater energy required for the first failure 
of the mild steel is due to its greater capacity for deformation 
with stresses above the yield point. 


S.B.©); STANDARD SPECIMEN; TEST TEMP 18°C; 


SPEED OF TEST 1-Oiny/min 
H \ 
eit m 
' 
A —Ni Cr (dotted line) 
2 S (tull line) 
o 
i 
VERTICAL TRAVEL x2 
Fig. 14..-Comparison of energy. 
I E Em E after Pm 
Material. ft. lb. ft. lb. ft.lb. (Pm ft. Ib. ft. Ib. 
Ni Cr Steel 70 65 15-1 49-9 2,040 
M.S. (Norm.) 
(C 0-35%) ....| 30 33 21-8 11-2 1,230 


The opinion has frequently been expressed by some of 
the most eminent and experienced authorities that failures 
are far more common in materials that give a low Izod 
value, and that a good Izod value is undoubtedly conducive 
to satisfactory behaviour. Such evidence cannot be 
ignored. If the evidence is accepted, it would seem to me 
that the significance cannot lie in the capacity of the test 
for detecting the resistance of material to the spread of a 
crack, which incidentally is often considered to be the 
prime value of the test. The brittle failure of a material 
may not take place till after an appreciable amount of 
energy has been expended, and moreover it does not 
commence before an initial crack has been formed. Seeing 
that when a material has developed even a minute crack, 
it has already mechanically failed, a high Izod value, 
arising from a good resistance to the spread of a crack, 
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cannot reduce the number of failures. Consideration of 
this reasoning therefore, leads to the conclusion that the 
significance of the evidence must lie in the capacity of the 
test to discriminate between materials that offer good and 
indifferent resistance to the inception of a crack, i.e., 
under conditions of concentrated stress. 

The point that I do emphasise is that if a crack breaks 
out in any machine part, no matter how small the crack 
may be or no matter what may be the cause, failure may 
certainly be considered to have taken place, for the crack, 
given time, will undoubtedly spread under the pulsating 
loads of service, and complete fracture of the part will be 
inevitable. This should also be borne in mind in con- 
sidering the relationship between the Izod vaiue and the 
liability to fracture of a part by shock. The value given 
by the notched-bar specimen is the overall value, and, if 
therefore an equivalent structural part with a notch is 
given a blow of intensity appreciably less than the test 
value, it may not be broken entirely, but a small crack may 
readily be initiated, which will spread during future service. 
This is point 
that does not 
seem to be fully 
appreciated when 
test results are 
being considered. 

The broken 
mild-steel crane 
hook, shown in 


Fig. 15, though 
it finally broke 
under a_ severe 


condition of ser- 
vice caused by 
snatching, con- 
tained two small 


cracks near the 

“Th hi 1 Fig. 15.—The fracture of a broken mild- 
op. ese hac steel crane hook. 

previously been 


set up, presumably, on some former occasion when the 
hook had been subjected to some milder condition of 
shock which had been insufficient to cause complete 
fracture owing to the good resistance of the metal. In 


WERT 


Fig. 16.—-Fractured W.I. link from a crane chain. 


contrast, Fig. 16 shows a poor quality W.I. link from a 
crane chain that suddenly broke across its full section. 
The notch this time was a portion of the figure 9, one of 
several numbers that had ill-advisedly been stamped on. 
In view of the unsatisfactory service that is often given 
by running parts with coarse structures, it may sometimes 
be considered surprising what satisfactory service is on, 
not infrequent occasions, given by mild steel with a grossly 
overheated structure. A few examples given in Figs. 17, 
18, 19 and 20, illustrate this fact. Fig. 17 shows the over- 
heated structure of a crankpin that gave a life of 25 years. 
Eventual failure was the result of slackness within the 
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Fig. 18.— Overheated 
structure of a crank structure of a crank 
pin. x 50 web. x 40 


crankarm. Fig. 18 shows the overheated structure of a 
crank web that gave a life of 35 years. The engine drove 
a rolling mill and had turned 520 million revolutions before 
failure, even though the stress in the web was double that 
usually allowed in an engine working under such arduous 
conditions as the driving of rolls. Fig. 19 shows the 
overheated structure of the shaft of a steam turbine, the 
carbon content of which was 0-58°,. The life was only 
16 years ; though this age is considerably less than that of 
the shafts previously mentioned, it represents 6,000 
million revolutions, or more than before, on account of 
the high speed of the turbine. Failure resulted from bad 
design and ill fit of the parts. Another example, Fig. 20, 
shows the overheated structure at the journal of a horizontal 


Fig. 21.—-Overheated 
material of a broken 
crankshaft x 50 


cross - compound steam 
engine. The working 
stress, owing to an uneven 
distribution of load be- 
tween the cylinders, was 
9 t./sq. in., an excessive 


was of poor ductility and material. 
toughness, and was un- 

suitable in so far as it had a sulphur content of 0-096°,, 
and contained sulphide threads at the surface of the journals. 
In spite of all this the shaft had a life of 40 years, and was 
ultimately scrapped on account of the breaking out of 
surface cracks at the sulphur threads. 

In considering such satisfactory experiences, two points 
come particularly to mind. Firstly, the fatigue value of a 
mild steel, when overheated, is no lower than when the 
structure is normal. The tendency is for the value to be 
higher, and therefore, with smooth surfaces, no concentra- 
tion of stress and steady working conditions, there is no 
cause for the life to be reduced. Secondly, though such 
material may give a very low value in an Izod test, it is 
found that, when the other properties of the material are 
satisfactory, notched specimens of certain forms, when 


: Fig. 22._-Showing an excellent 
figure. Further, the steel bend test by an overheated 
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Fig. 19._-Overheated Fig. 20.--Overheated 
structure of a steam structure of a hori- 
turbine shaft. x 75 zontal cross-com- 


pound steam engine 
shaft. x 150 


STEEL FROM CRANKSHAFT—0.30% C. 


A Received 


Overheated. Normalised. 

50-0 50-0 

| 3-8, 4-1, 3-7 48-7, 30-0, 29-8 
Fracture com- Fracture fine crystal- 
pletely crystalline. line, with fibrous 


area below notch. 


AS- D 
Maximum | OWN 


LOADS LOAD ibs| 1065! OO | S20 
TOTAL ENERGY ft.lb.| 23 | 18 | 167 
ENERGY UP TOPEAK « | 125] 9 | 35 

 AFTERPEAK « | 105] 9 


IZOD 3:9ft.lb. 


” ” ” 


25 +50 75 0" re5" 
MOVEMENT PARALLEL TO AXIS OF SPECIMEN 


NORMALISED 
(3 specimens 
Maximum IAGRAM SH 


LOADS 
AXIMUM LOAD 1230) | 1210 


TOTAL ENERGY ft.lb.| 33 | 33 | 
ENERGY UP TOPEAK « 21-8; 193 
AFTER PEAK « we! 125) W7 


LOAD 


25° 50° 0" 
MOVEMENT PARALLEL TO AXIS OF SPECIMEN 


Fig. 23.—Diagrams for slow notched-bar tests 
on a 0.30°, carbon steel from crankshaft. 


deformed at a slow rate, absorb a very satisfactory amount 
of energy; in other words the low Izod value is purely a 
speed effect, and a part working under favourable conditions 
of loading may thus give good service. 

To give an example of speed effect Fig. 21 shows the 
overheated material of a broken crankshaft, the actual 
cause of the failure being torsional vibration. The material 
is certainly one that any manufacturer would desire to 
avoid. Tests were made to compare the mechanical 
properties of the material in the as-received overheated con- 
dition against those of the material after it had been given 
a normalising treatment to represent good works practice. 
The relative figures are given in the accompanying Table. 

Attention is drawn to the fact that the tensile figures 
are virtually the same for each material, and that the 
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Fig. 24. (Top)—Failure of the web of the crankshaft of a 
concrete mixer. 


Fig. 25. (Bottom)—Showing old cracks discovered in 
both webs. 

ductility of the material is exceedingly good. In spite 
of this, the Izod value of the overheated material is very 
low, though, for the material in the normalised condition, 
it is exceedingly good for a massive piece of carbon steel. 
The greater toughness of the normalised specimens is 
reflected by the fibre, which was visible below the notch 
of the broken Izod specimens ; the first normalised speci- 
men, giving a higher value than the others, showed a 
greater amount of fibre at the fracture. A point that is 
particularly evident is that the low Izod value corresponds 
with the coarse micro-structure previously illustrated. 
Fig. 22 illustrates that the overheated material gave an 
excellent bend test, corresponding with the good reduction 
in area. 

If diagrams for slow notched-bar tests on the material in 
the respective conditions of heat-treatment, are now 
compared, as in Fig. 23, it will be seen that each of three 
normalised specimens in the lower diagram give an energy 
of just over 30 ft. lb., or virtually the same as in the Izod 
test. The overheated material in the top diagram gives 
about 20 ft. lb., against about 3 ft. lb. for the Izod test. 
This is clearly a velocity effect. I am not going to discuss 
the tests in detail, but it is evident that the energy 
absorbed up to the peak of the diagram, i.e., before the 
crack starts to extend into the body of the specimen, 
varies in the different specimens. For two out of three 
of these tests, this value is quite respectable, and with 
still slower rates of loading the overheated material would 
probably have required almost as much if not as much 
energy as the normalised material. The lower value 
given by the third specimen is probably due to the presence 
of a particularly unfavourable grain at the root of the 
notch. 

An interesting example of failure, shown in Fig. 24, is 
that of a web of the crankshaft of a concrete mixer that 
broke owing to a jam in the cylinder. Fracture started 
from the fillet of the crankpin, and the absence of any 
incipient creeping crack is to be particularly noticed. 
The unexpected feature was that the crankshaft broke, 


Fig. 26.—Showing failure of a crankshaft of about 20 in. 
diameter. 


and not the teeth of the gear driving the mixer. The 
mystery might seem to be intensified by the discovery 
that old cracks, 3 in. deep, shown in Fig. 25, existed in 
both webs, starting at a fillet of each journal. The 
explanation was simple: the fracture took place under 
shock, and the overall Izod value of the material was 
3 ft. lb. only, the material thus having a very low resistance 
to the initiation of a crack. When the stress existing at 
the end of the stroke at which the jam occurred is calculated, 
concentration of stress being left out of consideration, 
it is found that the stress due to bending at the position 
of fracture was double that at the fillets from which the 
old cracks had started. Moreover, at the moment of 
failure the metal in the neighbourhood of the old cracks 
was in compression, and the cracks would have been 
closed up. At the position of fracture the metal of low 
resistance was under tension, and unable to withstand the 
impact at the change in section. 

At this stage it may be of interest if I recall that some 
years ago my Company experienced an epidemic of the 
failure of crankshafts of about 20 in. in diameter, made 
by a particular manufacturer. The design and _ stress 
carried were in every way normal, and the failure was in 
no way due to any particular condition of running. The 
life usually lay between 15 and 20 years, and an example 
is shown in Fig. 26. On an occasion when a colleague 
happened to be watching an engine at work, he noticed 
that the crankshaft was of the manufacture in question. 
On ascertaining the age of the particular engine, he jokingly 
remarked to the owner that it would not be long before he 
had a smash, and sure enough the shaft broke shortly 
afterwards. In a metallurgical examination of several of 
these shafts I found only one common point at fault. The 
metal had been stewed in the furnace at a low temperature, 
and the pearlite had become globularised. The particular 
metal gave an elongation of 40°, and a reduction in area 
of 60°. The Izod value had been reduced to 3 ft. Ib. by 
the faulty heat-treatment. 

This accumulated evidence does undoubtedly tend to show 
that certain materials with an abnormally low Izod value, 
yet satisfactory in other respects, can prove to be un- 
suitable for service in machine parts, even though they be 
steady running. As these particular shafts are not now 
made, I will not be doing the manufacturer any injury 
by saying that he had standardised the same pernicious 
heat-treatment for all his forgings, and that these had 
accordingly given the same unsatisfactory result in service. 

(To be continued.) 
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The Behaviour of Sulphur in 


METALLURGIA 


or 


the Basic 


Open-Hearth Process 


By D. Manterfield 


The behaviour of sulphur in basic open hearth furnaces has been investigated, with particular 
reference to the distribution of sulphur between metal and slag and the influence of furnace 


operating conditions upon this distribution. 


A series of experiments is decribed and 


the results discussed ; a volumetric method is described by which the sulphur content of 


basic slags may be accurately 


SERIES of experiments has been carried out in 
A the Templeborough Melting Shop of Messrs. Steel, 

Peech and Tozer to investigate the behaviour of 
sulphur in basic open hearth practice, with particular 
reference to the distribution of sulphur between metal 
and slag and the influence of furnace operating conditions 
upon this distribution. 

Experimental 

The furnace plant consists of 13 open-hearth furnaces 
each of 80 tons nominal capacity, using a cold (pig and 
scrap) charge. A large number of heats were observed ; 
and slag and metal samples obtained at various intervals 
were analysed, and later correlated with the furnace 
charges and histories of the heats. It was noted at an 
early stage of the work that, with a normal balanced slag 
carrying approximately 51°, lime and 12%, silica, the 
ratio of slag sulphur to metal sulphur was invariably of 
the order of 10: 1. It appeared, therefore, that there was 
a definite tendency to establish an equilibrium condition 
between the sulphur in slag and metal. Any change in 
furnace conditions resulting in the disturbance of equili- 
brium was followed by a gradual reversion back to the 
equilibrium condition. 

Samples taken during the refining period showed that, 
under normal standard conditions, the 10 : 1 ratio was 
almost a maximum and was only attained when the 
correct temperature, basicity and fluidity of the slag had 
been obtained. The ratio was independent of the total 
amount of sulphur present, the minimum of the series 
being 0-019°, sulphur in the steel with 0-22°, in the 
slag, the maximum being 0-160°,, sulphur in the steel and 
1-85°,, in the slag. The large amount of sulphur which 
a good basic slag can carry is worthy of note. Once the 
condition of the equilibrium is established, the degree of 
further desulphurisation is definitely limited. If the 
sulphur in slag is high, that in the metal is correspondingly 
high and from the figures obtained it is apparent that, 
after achieving the 10 to | distribution, the removal of 
sulphur then takes place very slowly. Thus, the time factor 
limits the amount of desulphurisation taking place after 
a good slag is obtained. 

Calculation of Sulphur in Charge 

In the investigations recorded, calculations were made 
of the total weight of sulphur in the charge, the weight 
of sulphur on melting and at various stages during refining. 
There was, as anticipated, an increase due to “ pick-up ” 
from the gas during the melting period, a further increase 
after lime and spar additions and then a slow and small 
diminution during refining. The “ pick-up” after the 
addition of lime and spar was surprisingly large in some 
cases. In most instances the weight of sulphur present in 
the slag and metal at tapping was little less than that 
contained in the original charge, the quantity removed 
being variable but seldom more than that picked up from 
the gas. 

Chart I gives a list of 46 heats with the metal and slag 
sulphur on tapping (before finishing additions), and the 
co-efficient Slag S./Steel S. For comparison the ingot 


stee) sulphur figure is also given together with the co- 


determined in a few minutes. 


efficient calculated from this figure. Also, appended are 
details of some typical heats showing particulars of the 
charge, the feed and the analyses of the slag and steel 
samples. 
CHART I. 
AVERAGE SLAG ANALYSIS. 
Si.O, 12-5, Fe. 11-5, CaO 52-0, P,O; 4-5, MnO 4-5, MgO 5-0. 


Co- Co- 
Bath efficient Ingot efficient | Finishing 
No. 8. Slag 8S. Steel Slag 8S. Slag 
Metal 8. 8. Metal 8S. 
1 0-019 11-6 0-019 11-6 0-22 
2 | 0-035 9-4 0-035 9-4 | 0-33 
3 | 0-043 9-3 | 0-040 10-0 | 0-40 
4 0-045 8-2 | 0-040 9-2 0-37 
5 | 0-049 8-5 0-042 10-0 | .0-42 
6 0-038 8-8 0-042 8-1 0-34 Seale Fed 
7 | 0-043 9-1 0-038 10-3 0-39 
8 | 0-039 §-5 | 0-041 9-0 | 0-37 Scale Fed 
0-045 8-0 =| 0-042 8-6 | 0-36 
10 | 0-041 9-3 | 0-042 9-0 | 0-38 Ore Fed 
ll | 0-044 8-4 | 0-040 9-2 0-37 
12 | 0-039 10-3 0-039 10-3. 0-40 
13 | 0-048 9-8 | 0-042 11-2 | 0-47 
14 | 0-043 9-1 0-036 10-8 | 0-39 
15 | 0-035 10-0 0-033 10-6 | 0-35 
16 | 0-053 9-1 0-046 10-4 0-48 
17 | 0-031 9-7 0-030 10-0 0-30 
18 0-048 8-0 0-038 10-1 0-385 
19 0-044 | 9°3 0-045 9-0 O-41 
20) 0-046 9-8 0-044 10-2. «(0-45 
21 | 0-042 9-8 | 0-042 9-8 0-41 
0-042 8-8 | 0-036 10°3 0-37 
23° (0-036 8-0 | 0-032 9-0 0-29 
24 0-047 9-6 | 0-044 10-2. | 0-45 
25 | 0-038 9-2 0-034 10-3) |) (0-35 
26 | 0-047 9-4 0-044 10-0 | 0-44 
27 | 0-040 10-0 0-042 9-5 0-40 
28 | 0-042 9-5 0-040 10-0 | 0-40 
29 0-045 9-0 0-043 9-5 0-41 
30 0-054 7-4 0-043 9-3 | 0-40 
31) 0-054 9-2 0-047 10-6 0-50 
32 | 0-045 8-2 0-042 8-8 | 0-37 
33 | 0-041 9-3 0-047 8-1 | 0-38 |Slag Si O, 
17-0% 
34 | 0-046 7-4 0-048 7-0 0-34 Slag Si O, 
17-3% 
35 | 0-034 9-1 0-028 11-4 0-32 
36) 0-038 10°5 0-039 10-3 0-40 
37 | 0-042 8-3 0-037 9-7 0-36 
38 0-040 9-6 0-037 10-4 0-385 
39) «0-063 8-1 0-052 9-8 0-51 
40 «(0-046 9-6 0-043 10-2 0-44 
41 | 0-040 8-0 0-040 8-0 | 0-32 Sil. Slaz 
42 0-039 10-1 0-039 10-1 0-395 
4: 0-039 9-9 0-038 10-1 0-385 
44. 0-041 9-5 | 0-042 9-3 0-39 
45 | 0-039 9-2 0-035 10-3 0-36 
46 | 0-039 9-8 0-034 11-2 | 0-38 
Ave rage 9-2 9-8 


Consideration of Results 


Consideration of the figures obtained led to certain 
conclusions being formed as to the theory of desulphurisa- 
tion. The basic reaction involved is :— 


Ca O + Fe S ———= CaS + Fe O 


56 


This reaction is reversible and proceeds to equilibrium 
under the prevailing conditions. If the Fe O was removed 
as formed the reaction from left to right could proceed 
to completion. Alternatively any addition to the Fe O 
content would result in the reaction taking place from 
right to left. Thus the oxygen content of the metal (in 
the form of Fe QO) is, in the writer's opinion, a governing 
factor in the theory of desulphurisation. 
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being out of condition and hence not carrying its quota 
of sulphur. High sulphur melts may be due to several 
“auses, such as high sulphur in the charge, bad charging, 
resulting in excessive pick up from the gas, poor slag 
formation and over-oxidation. 

Low carbon in the melting sample is often accompanied 
by high sulphur, indicating excessive oxidation, due to a 
long melting-down period or other causes such as rusty 
scrap or low manganese in the charge, i.e., lack of de- 


CHART I. . 
HART | oxidants. When a high sulphur content accompanies a 
CHARGE 332. Cwt normal carbon melt, the slag is often silicious and therefore 
Tons Cwts. Sulphur Sulphur of low basicity; such slags being incapable of carrying 
19 0 0-038 O11 their full quota of sulphur. If the basicity of the slag is 
Heavy Mill Serap.......... 68 10 0-04 O55 reduced due to excessive silica content, sulphur tends to 
I 
pass back from slag to metal. One example quoted from 
os several observed instances was a charge with a sulphur 
DOE -civcsicsvasevncsesetes 0-775 ewts. content in the metal of 0-043°,, 15 minutes before tapping. 
Steel Sample. Slag Sample. Total 
Time Feed - - — ewts - Cwts Ss. 
Cc. Ss. Mn. Ss. SiO,. Fe. CaO. MnO. Ss. Ss. Cwts. 
11-20 OOS 0-026 0-055 0-43 0-42 8-o4 8-00 54-04 6-70 O-215 O-37 0-79 
11-25 | 42 ewts. Lime 
12-5 6 ewts. Spar 
12-25 0-53 0-025 0-044 0-40 0-40 8-80 8-80 55-02 7°05 0-21 0-54 0-97 
12-25 20ecwts. Scale 
12-50 0-42 0-025 0-O14 0-25 0-40 6-70 13-4 53-92 7-87 0-19 0-49 0-89 
1-20. 27 ewts. Ore 
2-40 0-08 0-022 0-010 O-18 0-35 6-40 18-0 48-2 7-ol O-86 
FINISHING ADDITIONS. A portion of the roof came in—and the sulphur content 
Ferro Manganese (to ladle) 6 ewts. rose to 0-055°,,. 
p the. The reduction of sulphur on the addition of ferro 
0-08 0-020 0-016 MANganese is illustrative of the action of deoxidants in 
establishing the necessary equilibrium between metal and 
CHART III. slag and is not due essentially to any reaction of the 
CHARGE No, 27. ferro manganese itself in removing sulphur. In the table 
Tons Cwts. Qre. Sulphur Sulphur of figures given it will be noticed that, in those cases where 
Basic Iron ........... 17 Is 0 0-07 0-25 equilibrium conditions had been established before tapping, 
errr il 8 0 0:06 0-137 as indicated by the slag containing ten times the sulphur 
Scrap 0 content of the metal, the finishing additions caused little 
Steel Ser 30 0 0-06 . 
2 or no decrease in the sulphur content of the steel. In the 
re 9 Ss 0 0-05 0-094 few cases where the slag and metal figures were not in the 
Ferro Manganese ...... 4 0 -- desired ratio, then a drop in sulphur did occur and the 
4 ratio of sulphur in the finished steel to that of the last 
es ' pais slag sample was adjusted to the normal | to 10 relation- 
Total Sulphur in Charge 1-117 ewts. ship. Chart IV shows complete details of a typical charge 
Steel Samples. Slag Samples. Potal 
Time. Feed. — —'| Cwts - - —- — Cwts. Ss 
Cc. 4 P. Mn. Ss. SiO, Fe. CaO. MnO. S. S. Cwts 
10-5 1-06 0-030 0-123 0-61 0-48 18-86 3-65 55-58 4-31 0-27 0-46 0-94 
10-10 42 ewts. Lime 
10-30 Scwts. Spar 
10-45 1-05 0-025 0-105 0-59 0-40 17-86 3°10 60-9 3-74 0-255 0-60 1-00 
10°46 54 ewts. Scale 
11-25 0-80 0-026 0-016 0-31 0-42 14-10 9-00 53-06 6-26 0-245 0-63 1-05 
12-10 0-56 0-024 0-018 0-28 0-38 13-62 9-60 54-18 6-20 0-255 0-65 1-03 
FINISHING ADDITIONS. on which this occurred. In the writer’s opinion, manganese 
Ferro Manganese (to bath) ...................-. l0cewts. should not be regarded as a direct desulphuriser; the 
23 value of manganese in removing sulphur is due to its 
5}. deoxidising power in reducing Fe O and thereby increasing 
C. Si. 8. P. Mn. the velocity of the desulphurisation reaction :— 
chance 0-56 224 0-024 0-026 0-80 
CaO + FeS -CaS + FeO 


It is well known that desulphurisation of steel in the 
basic open hearth process requires a non-oxidising, highly 


basic, fluid slag. This necessitates a sufficiently high 
temperature. Fluor spar assists by increasing the fluidity 


of the slag at a given temperature, apart from any other 
role it may serve. The presence of de-oxidants such as 
carbon, silicon, manganese, aluminium (and probably 
phosphorus) aids the attainment of equilibrium between 
metal and slag and promotes the condition wherein the 
slag carries its maximum proportion of sulphur. In 
most cases of sulphur trouble in basic open hearth practice 
equilibrium has not been established owing to the slag 


FeO + Mn » MnO + Fe 

The old method of adding pig iron and lime to reduce 
sulphur is explained on the assumption that silicon and 
manganese in the pig iron reduce the excess oxides whiist 
the lime increases the basicity of the slag and in addition 
takes up the silica formed by the oxidation of the silicon 
in the pig iron. When oxide (ore or scale) is added with 
the charge higher sulphur melts are a result on account 
of the higher state of oxidation of the bath. Witha 
high carbon melt it is very rarely that sulphur trouble 
is experienced. 
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All these facts point to the state of oxidation of the 
bath being the chief factor governing desulphurisation 
and the attainment of equilibrium conditions between 
metal and slag. 

The amount of sulphur actually removed from the 
charge by oxidation of the furnace gases is of very small 
proportions compared with that passing from steel to 
slag, more particularly when the sulphur content is normal. 
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introduced to reduce the small amount of ferric iron 
present which would otherwise prevent total evolution of 
the sulphur as hydrogen sulphide. This hydrogen sulphide 
is absorbed in a U tube containing 10 ml. of caustic soda 


CHART IV. 
CHARGE No. 35. 
Cwts. 
Tons Cwts. Qrs. Sulphur Sulphur 
0 


In the casts under observation approximately 0-10 ewt. Basic Iron ............... 8 19 0-07 0-125 
of sulphur was removed by gaseous oxidation; this is a 
ioible eavy Steel Scrap. ....... 2 0 0-0 )- 
when calculated to a percentage of 7 14 008 0-077 
the chargec weight. 5 0 0°05 0-08 
However, similar calculations were made upon several Bundles .................. 13 5 0 0-05 O18 
casts (not included in this series) in which sulphide of iron Coal 
was added with the charge, giving an abnormally high Mette. <<..cccccces 0 14 0 085 0-085 
sulphur content. In these casts the sulphur loss due to eiSieirs 
gaseous oxidation was very considerable, as much Total 1-197 
Steel Samples. | | Slag Samples. | Total 
Time. Feed. Cwts. | Cwts. 8. 
Cc. | | Mn. | SiOx. Fe. | CaO. MnO. | 8. Cwts. 
1-45 0-30 | 0-053) | 0-020 | 0-23 0-86 17-08 6-65 | 55-58 4:42 | 0-375 | 0-65 | 1-51 
1:50 | 42 ewts. Lime 
2-25 8 cwts, Spar | 
2-32 0-26 0-045 | 0-014 | 0-20) | | 13-74 8-10 | 60-48 | 3-51 0-40 | 0-96 | 1-68 
3-5 0-14 0-042) | 0-010) | 0-15) | 0-68) 12-04 12-04 56-70) | 4-08) 0-335 | | 1-54 
3°20 11-66 13-55 | 55-02 4°15 0-32 | 


1-16 ewt. of sulphur being eliminated during charging 
and refining. A detailed example is given of this type 
of charge in Chart VI. 
Conclusions 
The main features of this investigation are summarised 
below :— 

1. A state of equilibrium between sulphur in the 
slag and sulphur in the metal tends to be established. 
When this state is attained the degree of further de- 
sulphurisation is very limited. 

2. Maximum desulphurisation necessitates this state 
of equilibrium between metal and slag, involving control 
of temperature, basicity and slag condition. 


FINISHING ADDITIONS. 


Spiegel (to bath) 6 cewts. 

Ferro Manganese (to bath) .... 10 ewts. 

Cc. Si. S. Mn. 

Ingot Steel ...... 0-16 0-202. 0-086 0-016 0-70 


CHART V. 
CHARGE No. 30. 


Cwts. 

Tons Cwts. Qrs. Sulphur Sulphur 
Basic Iron .......6600. 9 6 0 0-07 0-13 
Cast Motal ..........5. 11 17 0 0-10 0-24 


3. As the state of oxidation of the bath is an important Heavy Stecl Scrap .... 29 15 0 0:06 0:36 
factor, over-oxidation should be avoided. Light 4 10 0-06 0-05 
4. Early slag formation, when de-oxidants (C, Si, Mn) Turnings ............ 9 1 
are present promotes early establishment of equilibrium, Bundles 
5. In order to ensure a low sulphur product it is on 
desirable to use raw materials as low in sulphur as 
| 
Steel Samples. Slag Samples. otal 
Ss. | Ma. | SiO.. Fe. | CaO. | MnO. S. | 8S. | Cwts. 
9-25 0-42, 0-058. | 0-078 0-31 0-94 | 20-48 3°25 55-72 3-26 0-255 | 0-44 | 1-38 
9-30 56 ewts. Lime 
10-0 8 ewts. Spar | 
10-20 0-40 0-037 0-037 | 0-29 | 0-60 | 15°90) | 4°35 61-60 | 2-87 0-375 0-93 1-53 
10-30 14 ewts. Scale 7 
10-40 0-35 0-037 | 0-023) | 0-24 | 0-60 | 14°36 | 7-75 | 58-38 | 3-22 0-345 0-88 1-48 
11-15 0-34 0-083 | | 0-22 0-53 13-42 8- 57-4 3-79 0-34 | 0-87 1-40 
Development of a Volumetric Method for FINISHING ADDITIONS. 
Ferro Manganese (to bath) 10 ewts, 
Determining Sulphur Content 3hewts. 
Incidental to this series of experiments a volumetric — Ferro Silicon (to ladle)... ...-...+-+seseseeeeeeees a 
method was evolved by which the sulphur content of basic Goal + 
slags may be determined accurately in seven minutes, — P. Mn. 
The method consists, briefly, in dissolving the slag in a  Ingot Steel....... 0-33) «0-196 0-019 0-71 


350 ml. evolution flask, using as solvent a 4°, solution 
of stannous chloride in hydrochloric acid (sp. gr. 1-16). 
The evolution flask is fitted with a delivery tube and a 
tap funnel. One gram of powdered slag is taken and an 
equal weight of aluminium is dissolved with the slag, to 
generate hydrogen in order to carry over the hydrogen 
sulphide evolved. The stannous chloride in the solvent is 


solution (280 grams per litre) ; a trap is inserted between 
the evolution flask and the absorption tube to collect 
hydrochloric acid vapours. 

The hydrochloric acid solvent is first introduced from 
the tap funnel slowly and gentle heat applied, more 
solvent being used and greater heat applied as solution 


pad 
| 
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proceeds. The slag sample dissolves before the aluminium. 
On complete solution of the latter, by which time the 
liquid in the evolution flask is boiling, the U tube is 
detached (precautions being taken to prevent “ sucking 
back’). The contents of the U tube are washed into a 
beaker, starch, as indicator, and dilute sulphuric acid 
added and the determination completed by titrating the 
liberated hydrogen sulphide with standard iodine solution 
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“Loded ” Cast Irons 


NEW range of high-duty grey cast irons, known as 
A * Loded ”’ irons, suitable for cylinder liners, piston 
rings, and other important engineering parts was 
described by Mr. H. J. Young recently before the Institute 
of Marine Engineers. These irons may be manufactured 
with any iron foundry’s normal appliances, but metal- 


containing 4:05 grams of iodine per litre. 1 ml. Std. lurgical control is essential. They form an extension of that 
iodine 0-05°, 8 on | gram. group of machinable metals known as grey cast irons, made 
: - in refractory or metal moulds, stationary or moving. In a 
CHART VI. > be fi i th cording t 
HARGE No. 27/9 grey cast-iron casting, It may ound that according to 
CHARGE No. 27/9. Cwte the rate of cooling the metal will be hard and white in one 
Tons. Cwts. Sulphur. Sulphur. place and soft and grey in another. Between these two 
eer rere 5 9 0-07 0-076 limits of fast and slow cooling, the metal will be in its best 
High Sulphur Basic Iron... 4 3 0-12 0-10 condition—namely, not too hard and white, and not too 
13 soft and grey. In fact, it will be all-pearlitic, but only 
41 round about the one section where the rate of cooling suits 
ws 5 12 0-05, the particular quality of iron used. 

Turnings and Pit ........ 10 0 0-05, In discussing this subject, the author defined the all- 
Manganese pearlitic state of iron, and showed that, theoretically, all- 

Lime 4 0-20 0-16 pearlitic grey iron contains nothing but pearlite plus free 
ey er ere 0 13 0-20 0-026 graphite flakes. No ferrite is present. With quicker cooling, 

- free carbide known as cementite, will also be present. In 
ewts. this condition the quality of the iron is not impaired, and the 
Steel Samples. Slag Samples. Total 
Time. Feed. Cwts. Cwts. Ss. 
Cc S. P Mn. 8 SiO, Fe. CaO. MnO. S. 8. Cwts. 
16-25 0-41 0-116 0-25 
17-0 0-27 0-116 0-24 
17-10 0-21 0-118 0-014 0-23 1-93 14-0 9-5 48-4 10-15 | 1-23 2-43 4°36 
17-10 | 26 cwts. Lime 
17-45 5 ewts. Fluor Spar 
18-10 0-093 0-23 13-0 
18-12 0-092 0-014 0-20 1-50 12-1 13-5 49-2 8°86 «1-32 3°36 4°86 
18-40 0-09 0-092 0-19 1-50 10-8 16-5 49-0 8-57 | 1-23 3-13 4-63 
19-10 0-082 0-16 1-34 0-3 18-5 46-5 8-37 1-11 2-83 
25 cwts. Ferro Mn. 
to bath Sample 
and Slag 8 min. 
0-088 1-00 1-47 10-0 18-0 46-1 9-35 | 1-07 | 2-73 | 4-2) 


FINISHING ADDITIONS TO LADLE. 


Cc. Mn. 
0-09 0-242 0-060 0-62 


Since the completion of this work a similar method 
has been published, after independent research, by Maurer 
and Haderer* and their paper contains full details of the 
determination of sulphur in basic open hearth slags. 

Consistent agreement of the above method has been 
obtained with the gravimetric method. 


Canada’s Aluminium Production 


CANADIAN requirements of bauxite, the ore of aluminium, 
are all met by import, no commercial deposit having as 
yet been found in Canada. Direct delivery of bauxite from 
British Guiana, which was discontinued in 1930, was 
resumed in 1935 when 24,685 tons were imported; in 
each of the following years imports from British Guiana 
show marked increases, rising to 176,411 short tons in 
1937. There are also substantial imports annually from the 
United States, and occasionally small amounts are re- 
exported from Great Britain, most of which is used in 
the abrasive and chemical trades. 

The Aluminium Company of Canada, at its two refineries 
at Arvida and Shawinigan Falls, Quebec, is the only 
Canadian producer of the metal; most of the output is 
exported. This Company has also two fabricating plants, 
one at Shawinigan Falls, Quebec, and the other at Toronto, 
Ontario. A number of other plants, mainly in Ontario and 
Quebec, manufacture aluminium cooking utensils, auto- 
mobile parts, and other articles of aluminium. 

* E. Maurer and F. Haderer. 
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two conditions described represent the author’s definition 
of all-pearlitic iron as aimed at in practice—namely, iron 
either on, or on the safe side of, the theoretical all-pearlitic 
point. The reason for this is that traces of ferrite will 
profoundly affect the wearing qualities of the iron. 
Continuing, the author discussed the effect of silicon on 
the rate of cooling, and gave percentages of silicon, nickel, 
and chromium in an all-pearlitic iron. Then he described 
the “ Loded”’ iron process, which employs much higher 
percentages of silicon, and the effects of nickel and molyb- 
denum in “ Loded ” irons were also remarked upon. 
These latter irons can be cast centrifugally, and castings, 
known as Centricast ** Loded,”’ are being tried as cylinder 
liners on fleets of commercial vehicles, motor-boats, 
auxiliary engines, and land units, with encouraging results. 
Several sand-cast qualities of “ Loded” irons are also 
proving interesting to various trades. There is evidence to 
show that these irons bring about a slowing-down of the 
wear rate of liners after the surface-forming period has 
passed. For example, on an extremely severe commercial 
vehicle service, liners of about 72mm. bore showed a 
wear of 0-004 mm. to 0-005 mm. during the first 4,400 
miles, but the following 4,400 miles showed no further wear 
of a measurable order. In speaking of cylinder wear, Mr. 
Young expressed the opinion (which controverts that held 
by some automobile engineers) that mechanical stresses, 
lack of unbroken oil film, erosion, flame action, gas penetra- 
tion and debris, are more serious than corrosion in the 
majority of engines and services. 
The author gave a list of the general properties of 
Loded ” irons as they are known in the qualities so far 
manufactured, and including others anticipated by various 
authorities. In conclusion, Mr. Young expressed the opinion 
that grey cast iron, “ a material unexcelled for its past utility 
to engineering,” is still in its infancy. 


oak 
| 
- 
‘ 


DECEMBER, 1938 


METALLURGIA 59 


Corrosion and Heat-Resisting Steels 
By Dr. W. H. Hatfield, F.R.S. 


The advance in technology of corrosion- and heat-resisting steels is discussed 
under three headings : improved or new compositions, improvements in 
production, methods of manipulation and fabrication, and their increasing 
application. Progress in the development of these steels is emphasised. 


developed for the use of cutlery, but during this 
relatively short period the technology of corrosion and 
heat-resisting steels has advanced to a very remarkable 
degree, in fact, so much so that, both in this country and 
abroad these special steels are being used in increasingly 
large tonnages throughout the whole of industry. Further- 


iy is only about 25 years since stainless steel was first 


By courtesy of W. J. Fraser and Co., Ltd. 
Vacuum Still and condenser in ‘‘Staybrite”’ 
Steel. 

more, the importance of these steels may be 
judged by the fact that a few years ago, in 
this country, two well-known Sheffield firms 
who had been pioneers in the development of 
these steels decided to pool their interests in 
the manufacture of corrosion- and_heat- 
resisting steels, by the formation of a separate 
company —namely, Messrs. Firth - Vickers 
Stainless Steels, Ltd..—and this company 
devotes its full resources solely to the produc- 
tion, development, and application of these 
special steels. 

The advance in technology of these steels 
may be considered under several headings, 
viz. :-— 

1. The development of improved or new 

compositions. 

2. Improvements in production, both as regards forms 
and sizes in which various steels are available, as 
well as in quality. 

3. Increasing knowledge of the various methods of 
manipulation and fabrication of the steels, in all 
forms, into plant of every description. 


4. The ever-widening application of these steels through- 

out all industries. 

It may be useful to consider these four headings in some 
detail :— 

Anyone who knows the numerous different types of 
corrosion- and heat-resisting steels now available, and, 
moreover, looked upon nowadays as standard steels, must 
be amazed at their development from the original 13°, 
chromium stainless steel in a period of 25 years. Moreover, 
it is only during the last 15 years or so that the more widely 
used austenitic chromium-nickel corrosion-resisting steels, 
and the most useful heat-resisting steels have been intro- 
duced and developed to such a remarkable extent. 

For the sake of reference, the following brief classification 
of the steels now available in this country may be helpful :— 


Corrosion-Resisting Steels 

(a) Plain chromium steels, such as 12 to 15°,, chromium, 
or 16 to 18°, chromium, with varying carbon content. 

(6) High chromium—low nickel steel. (16 to 20°, 
chromium, with 2%, nickel). 

(c) High chromium—high nickel austenitic steels, with 
additions of special elements, such as tungsten, titanium, 
and molybdenum. These are the ** Staybrite © steel family. 


Heat-Resisting Steels 
(a) Plain chromium steels, such as 12 to 14°, chromium, 
16 to 18°, chromium, 20°, chromium, and 28 to 30% 
chromium. 
(6) Silicon-chromium steels, such as 8°,, chromium—3°,, 
silicon. 


By courtesy of Messrs. Guest Keen & Baliuins Iron and Steel Co Ltd 
Heat-resisting steel conveyer chain in sheet annealing furnaces. 


(c) Austenitic high chromium—high nickel steels, with 
or without additions of tungsten, titanium, and other special 
elements. 

(d) Higher nickel-chromium alloys, such as 60°, nickel— 
20°,, chromium, 36°, nickel—11°, chromium, and 80°, 
nickel—13°,, chromium. 


= 
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By courtesy of Messrs Libby. McNeill, Libby, Lid. 


** Staybrite *’ steel milk condensing plant. 


Taking the corrosion-resisting steels as classified above, 
it can be broadly stated that the order of corrosion- 
resistance increases from group (a) to group (¢), and, at the 
same time, owing to the high ductility and general pro- 
perties of the steels in group (c), these steels are available 
in a greater variety of forms and sizes than those in groups 
(a) and (6). Furthermore, the ease of manipulation and 
fabrication into plant render the steels in group (¢) more 
readily applicable to all manner of equipment. On the 
other hand, for engineering purposes, where either high 
hardness or resistance to wear, or high mechanical strength 
are important, steels in groups (a) and (b) would come into 
consideration, since it is well known that steels in group 
(c) cannot be hardened by heat-treatment. 

Referring now to the heat-resisting steels, it should be 
remembered that the term “ resistance to heat” may be 
viewed from two angles—viz., the resistance of the steel to 
oxidation or scaling, and its resistance to ‘‘ creep ’’ under 
prolonged loading at elevated temperatures. With this in 
mind, and referring to the four main classifications of heat- 
resisting steels which I have indicated earlier, the steels in 
groups (a) and (6) are characterised by resistance to 
scaling under heat, and owe this property primarily to their 
content of chromium, assisted by high silicon content in the 
case of (6). Naturally, the amount of chromium present 
will determine the range of temperature for which the 
steels are suitable—for example, a steel containing 12 to 
14°,, chromium will withstand oxidation very well up to, 
say, 750° C., whilst a 20°,, chromium steel is useful up to, 
say, 950-1,000°C., and a 30°, chromium steel up to 
1,150°C. On the other hand, the austenitic heat-resisting 
steels in groups (c) and (d) in addition to being resistant to 
oxidation also retain considerable strength and resistance 
to “ creep” at elevated temperatures. It wi!l be evident 
from the mere indication of the composition of the heat- 
resisting steels as classified above, that steels in groups 
(c) and (d) are more expensive than those in groups (a) and 
(6), but, on the other hand, as in the case of the corrosion- 
resisting steels, some of the austenitic heat-resisting steels 
are available in a greater variety of sizes and forms, and 
lend themselves more readily to plant fabrication. 

For example, a 30°, chromium steel cannot be produced 
in the form of solid drawn tubes, nor, in general, is it 
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advisable to weld this steel, whereas a steel containing, say, 
25°, chromium and 20°, of nickel can be produced as solid 
drawn tube, and is very suitable for fabrication by welding. 
Reverting to the question of “creep,” a considerable 
amount of attention has been given to this during the past 
few years, and although much still requires to be done, 
for example, in co-ordinating and correlating various data 
by different workers, nevertheless, generally speaking, it is 
true to say that reliable “ creep’ data exists for all the 
standard heat-resisting steels. The interpretation of the 
creep data and the allowable working stresses deduced 
therefrom, will depend to a considerable extent upon the 
type of part in question and the duty it has to perform. 
For instance, the “ safe stress’ for the moving parts of 
rotary machines operating at elevated temperatures with 
fine clearances is very much lower than for such items as 
mechanical stoker links and chains, which permit a greater 
amount of deformation without interfering with the proper 
performance of their duty. Moreover, expensive precision 
machinery is probably designed for a life of many years, 
whilst on the other hand, for example, certain furnace parts 
may be easily replaced, permitting a higher stress with a 
possible consequent shorter life. It is therefore very 
desirable, in considering the use of a particular steel, to 
work at a high temperature under stress, to ascertain the 
maximum permissible rate of creep. To illustrate this, there 
is reason to believe that if a heat-resisting steel were 
exposed to a temperature of 800° C., such that a permissible 
rate of creep of 10—* inch per inch per hour would allow 
of the application of a stress of 500 Ib. per sq. in., a rate of 
10? would permit a stress of 880 1b. per sq. in., 1O—°* 
would permit 1,600 Ib. per sq. in., and a rate of L1O—* would 
permit a stress of 3,400 lb. per sq. in. Further, since for a 
particular heat-resisting steel the time-yield figures 
(approximately equivalent to a rate of creep of a millionth 
of an inch per inch per hour), at temperatures of 800°, 900°, 
and 1,000° C., are respectively 1,200 Ib., 280 Ib., and 90 Ib. 
per sq. in., it will be seen that care is needed in ascertaining 
the actual working temperature of the part, as an error of, 
say, 50° C. at such temperatures will result in a considerable 
difference in the allowable safe stress. 

Having referred at some length to the development of 
improved or new compositions of both corrosion- and 
heat-resisting steels, giving briefly the various types now 
available, the next heading under which advance in the 
technology of these steels has been made is that of 
improvements in production, both as regards forms and 
sizes, as well as quality. 


Improvements in Production 


In this connection, during the past few years, very 
considerable amounts of capital expenditure have been 
undertaken in the extending and modernising of plant for 
the output of these steels, in the form of sheets, plates, 
strip, bars and rolled sections, castings, forgings, solid- 
drawn tubes, cold-drawn sections, wire, etc. The latest 
types of electric melting furnaces are installed for the 
melting and casting of the steels into ingot form, and all 
the working operations from the ingot to the finished 
bar or sheet are under constant technical control with a view 
to supplying a product of high quality, for it should be 
remembered that the properties and requirements demanded 
from these special steels are such that it is not possible 
nor desirable to relax any of the carefully controlled 
technique or stringent inspection to which they are sub- 
mitted during manufacture, and on which their ultimate 
success in service to a large extent depends. In other 
words, increased production must not involve any depre- 
ciation in quality. 


Manipulation and Fabrication 


Coming now to the third heading under which advance in 
technology of these steels is being made—namely, in their 
manipulation and fabrication into plant—broadly speaking, 
it can be said that these special steels can be manipulated 
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and fabricated by practically every method which is used 
for ordinary steels and even for non-ferrous metals and 
alloys. There are naturally one or two exceptions to this 
(for example, these steels cannot be welded on the smiths’ 
hearth), but, realising the special properties of the steels, 
compared with ordinary steels, it is perhaps a little sur- 
prising to the person without an intimate knowledge of them 
that they lend themselves so well to manipulation and 
fabrication by most of the recognised methods for other 
steels and alloys. In general terms, the chemical engineer 
need not look upon these steels as requiring an entirely new 
technique of fabrication, but rather should he view them 
as having been adjusted to meet existing and _ well- 
established methods. Every week, more and more plant 
fabricators and engineers are becoming acquainted with 
these steels, since all branches of industry are finding their 
use an advantage and even a necessity in certain directions. 
Forging, hot- and cold-pressing, forming, drawing, spinning, 
rivetting, soldering, welding, pickling, polishing and 
machining are all everyday operations of which a rapidly 
increasing number of firms are gaining experience in 
connection with corrosion- and heat-resisting steels. It is 
admitted, of course, that compared with the same operations 
on, say, mild steel, certain alterations have to be made and 
care exercised ; nevertheless, all these operations are now 
matters of everyday experience, and the manufacturers of 
the steels are always glad to give practical help and advice 
on such matters. 
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Increasing Fabrication 

The fourth heading under which the advance in tech- 
nology of corrosion- and heat-resisting steels may be con- 
sidered is the increasing application of these steels through- 
out all industries. Going back about 25 years, the first 
serious commercial application for stainless steel was for 
cutlery, and whilst, up to about 15 years ago, the develop- 
ment of what became known as “ stainless iron ”’ provided 
a stainless steel with more ductility than the original 
cutlery quality, even so, it was not until the advent of the 
austenitic corrosion-resisting steels that, on account of their 
superior ductility and greater ease of manipulation, as well 
as increased corrosion-resistance, the various industries 
realised that here were steels which they could exploit to 
the ful!. It is no exaggeration to say that corrosion and 
heat-resisting steels have found their way into all industry, 
and whilst their worth is being taken advantage of by 
responsible Government Departments in the construction of 
aircraft, manufacture of explosives, numerous parts of Naval 
vessels, and ordnance, in fact by all departments concerned 
with the Defence Programme, at the same time these steels 
are being used in increasing quantities in ordinary industry 
and business for such diverse uses as automobile parts 
and fittings, architectural and decorative work, domestic 
utensils and fittings, chemical industry, brewery, dairy and 
food industries, glass, paper-making, refrigeration, and 
textile industries, hydraulic, electrical, civil and marine 
engineering, and many other branches of industry too 
numerous to mention. 


Aeroplane Propeller Blade Life 


The results of tests on two aeroplane propeller blades, which are briefly 
described, indicate that an aluminium forging of the composition given, 
if properly heat-treated is not damaged by over stress. 


HE importance of the life of the propeller blades of 

I an aeroplane cannot be too strongly emphasised, as 

the failure of a propeller generally involves a forced 
landing, which may lead to further damage to the plane or 
the engine. An aeroplane propeller blade is a tapered 
airfoil section which is subjected to combined stresses due 
to centrifugal, bending, and torsional loads, the magnitude 
of which can only be calculated approximately. There is 
also the factor that the properties of the precipitation 
hardened aluminium alloys used for aeroplane blades 
change with age and that vibrations may accelerate this 
change. Failures of such blades have been comparatively 
rare since an intensive study has shown that they are due 
to repeated applications of stress rather than to impact or 
suddenly applied load, and to stress raisers. 

As no convincing evidence has been produced which 
shows that the mechanical properties of the material in a 
propeller blade are affected by service, although many 
tests have been conducted on used blades, tests recently 
completed at Wright Field, U.S.A., by J. B. Johnston and 
T. T. Oberg! on two blades manufactured from the same 
alloy and representative of modern practice, are of interest. 
One of these blades was flown on an experimental aeroplane 
and had 21 hours’ service, whereas the other was removed 
from a commercial air liner after 4,233 hours’ flying time. 

The blades, which both contained approximately 4-3°, 
copper, 0-5°%, iron, 0-75°,, manganese, and 0-90°,, silicon, 
were manufactured by a process of rolling and forging, 
followed by solution heat-treatment, and ageing at elevated 
temperatures. The test-pieces used to determine the 
mechanical properties were taken from the section of the 
blades in which the stresses were equal to or above the 
average stress in other parts of the blades. There was a 
difference in grain size and distribution in the two blades, 
but this had no apparent effect on the mechanical pro- 


perties. The average mechanical properties of the two 
blades tested longitudinally were as follows :— 


Tensile Strength, tons per sq. in......... 26-0 
Yield-point (Set 0-002), tons per sq. in. . 17-2 Ki 17-1 
Prop. Limit (Set 0-0001), tons per sq. in. 13° << 14-4 
Fatigue Limit Rotating Beam, ton per sq. in. in 5°35 
Charpy, Impact, notched, ft.-Ib. ........ 9-93 9-34 
Charpy Impact, no notch, ft.-Ib. ........ 96-13 -. 95°95 


These data indicate that an aluminium alloy forging of 
the composition dealt with and properly heat-treated is not 
damaged by over-stress. The endurance properties of the 
blade with the larger service is better than those of the 
blade which had little service, and the fatigue curves 
from both the blades fall within the area which has been 
found to represent the fatigue characteristics of the alloy. 
High-tension velocity impact tests were also determined, 
but could not be interpreted on account of the lack of data 
on aluminium alloys for such tests. 

In general, propeller blade failures have, as already 
stated, been comparatively rare since investigations have 
shown that such were due to repeated applications of stress 
caused by stress raisers, such as abrupt changes of section 
between shank and blade, galling between propeller hub 
and shank of blade, surface damage from stones or other 
obstacles, and nodes of high stresses due to running in the 
range of the critical frequency of the blade. Stress raisers 
are eliminated by care and experience in design and by 
avoiding flying for any appreciable time at the critical 
speeds. Where fatigue cracks have started they can be 
detected by a light etching with an alkaline solution, and 
unless a crack has formed, it may be assumed that the 
metal has not been damaged. 


Metals and Alloys. 1938. Vol. 9, No. 10, pp. 259-262. 
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Industrial Management and Production 


Control 


Part III.—The Position of the Stores in the Organisation 
and Layout of Works 


By F. L. Meyenberg 


The part played by the stores with respect to the organisation and layout of a works 

is discussed. It is considered that the stores manager and production manager 

should hold parallel positions, so that negotiations can be conducted on equal 

terms. The flow of material carried in the stores is discussed, and brief reference 

made to control. Considering the question of the layout of stores, the author deals 
with both centralisation and decentralisation. 


Organisation 


N the introduction to these articles industrial works 
were likened to a body of organic structure, and it is 


same relationship as the supplier and the customer; in 
either case the best results will be obtained if the negotia- 
tions are conducted on equal terms. 


obvious that the organisation, to fit accurately to this 
Preliaingry Recetp urchase Order No. 
body, can never be “ ready made *’—it must be “ made to —s 
measure. Nevertheless, for the purpose of these articles, 
it is necessary to take a certain organisation as a basis — 
from which we can build up our conclusions, but the reader nsitiiah iiiiinns sania 
will appreciate that the example chosen is only one of the — in 
«ventity t Description Plece No. 
Unt 
numerous possibilities. Materiel No. 
COMMER 
sot Fig. 2. 
Date Signatu.e 
a T | a | T It will be of interest to consider in detail how the 
= | | stores are connected with other departments of the 
L L he — — works. For this purpose it will be convenient to 
|| | | | follow the flow of the material carried in the stores, 
| | and the clerical work which must be done in order 
| that a complete report on this flow is available. 
| Material Issued from Stores 
| | | | | | | All material from outside sources is received 
| the receiving depot, either actually, when the 
Fig. 1. preven. enemy | nature of the material allows, or for booking 
The example is illustrated by Fig. 1, which shows the two Preliminary Recetet Purchese oréer ho. 
main sections of an organisation—the technical and com- iy Ty 
mercial sections—with both of which the administration is 
actively connected.* In this case the stores belong to the soustis 
commercial side, but it should be pointed out that this is re : aan 
not a necessity. In the administration of the stores so many ——=— 
technical points arise which are connected with the com- 
mercial side, that the stores, in the experience of the writer, | | 
can be managed just as well by the technical side. This is 
another instance where attention may be drawn to the | 
principle that the characteristics of the persons concerned | 
should be the main factor in determining the organisation, = Signsture 
and not the organisation impressed on the p°rsons. Resvit of ternnicel tnapect ton a 
For economical reasons it is necessary to emphasise er 
that the stores should be independent of production proper. erie 3 
To a certain extent the stores control production, as far a 
as the economical use of raw material, the delivery of 
. . . Fig. 3. Date Signature Dete Signature 


finished goods, etc., are concerned, and the stores manager 
and the production manager should have parallel positions, 
as indicated in Fig. |. Too often is the position of this 
point of view neglected by estimating stores managers as 
equal to those of the individual departmental managers 
working under the production manager. No contradiction 
is implied to the fact that the stores are bound to work in 
close co-operation with production, to which they have the 


® This example is similar to one given in a book recently published by Macdonant 
and Evans, London: “The New Management.” By H. T. Hildage, T. G. Marple 
and F. L. Meyenberg. (See METALLURGIA, June, 1938.) 


purposes only, when the bulkiness or the nature of the 
material (ore, scrap, etc.) forbids intermediate storage in 
the receiving depot. 

In the latter case, precautions must be taken to prevent 
the material being used before permission is expressly 
given, according to the organisation to be described. This 
is an important point which is often neglected: It must be 
admitted that this instruction is not always easy to carry 
out, but disregarding this important instruction may 
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PINAL RECEIPT Purchase Order No. 
Copies 
8s. 
5, 6, Received on for order no, Preight 
& 7 
Signed 
Ageinst sdvice note Weight 
Piece no. 
Fig. 4 
Date Signature 


endanger the success of any objection raised to the accept- 
ance of the material received. 

In the office of the receiving depot seven copies of the 
receipt are made, using suitable printed forms, according 
to Figs. 2, 3, and 4. They are so arranged that the par- 
ticulars on all copies are produced on a typewriter at the 
same time as the original is made. As may be seen, copies 
1 and 2, on the one hand, and copies 3 and 4, on the other 
hand, are each called ** preliminary receipt,” copies 5, 6, and 
7, “definite receipt.” The differences between printed 
forms will be explained subsequently by their use in the 
various departments. The course of the copies is illustrated 
by Fig. 5. 

Copy | (Fig. 2) is sent to the purchasing department for 
quick information, in order to prevent unnecessary corre- 
spondence with the supplier. Later, it is sent together 
with the supplier's invoice to the book-keeping department, 
and then returned to the purchasing department for filing. 
Copy 2 (Fig. 2) is sent to stores control for the quick 
information of the ordering department. Copies 3 and 4 
(Fig. 3) are sent to the technical inspection department, 
which retains copy 3 for its files and sends copy 4 to the 
purchasing department, after having made the necessary 
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sufficient safety against carelessness and fraud. Special 
attention may be drawn to the fact that the receiving 
department must write down the receipt according to the 
actual material, as no advice note or supplier’s invoice is 
at hand when the material arrives ; thus it is impossible 
to “ copy ” the supplier’s invoice and regard it as a receipt, 
as lazy receivers of the material are sometimes inclined 
to do. Another point of view worth mentioning is that 
no further co-operation of the supplier is expected, as for 
instance the sending of the invoice in duplicate. Experience 
has shown that any organisation which seeks the special 
co-operation of an outside firm is, to a certain extent, 
unreliable. 

Finally, it may be added that returns of any kind are 
treated in the same way as new material ; in these instances 
the intermediate storage in the receiving depot is very im- 
portant, and, if possible, this practice should be adhered to. 


Material Issued from Stores 

As already explained in the second article, in requisition- 
ing material from the stores, there is a distinction between 
material in stock. Part of the stock can and shouid be 
reserved for orders already received, but on which work 
has not begun ; thus the material in the stores may comprise 
“actual” stock and * available” stock and may require 
to be separated in the stores book-keeping. On the other 
hand, however, such a separation may be superfluous or 
even absurd. The former will always be “ direct ’’ material, 
the latter either direct or indirect material. Both 
kinds of material are demanded from the stores by 
requisition slips of the same printed form, but of different 
colour. Requisition slips for direct material are generally 
made out by the planning department, those for indirect 
material by the consuming section; an original and one 
copy are provided, each having the same current number, 
so that all slips are easily traced and controlled. 


a 
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Fig. 5.—-Showing the course of the various forms. 


tests and entered the results on this copy. The purchasing 
department decides whether the material can be accepted, 
makes this decision on copy 4, and returns it to the receiving 
depot. Here copies 4 and 5 are fastened together and sent 
to the purchasing department for comparison with the 
invoice of the supplier. Copies |, 4, and 5 and the invoice 
are then sent to the book-keeping department, which 
returns the receipts 1, 4, and 5 to the files of the purchasing 
department. Copy 6 is sent with a copy of the invoice to 
stores control, copy 7 to the stores themselves. 

It must be admitted that this organisation seems rather 
complicated at first glance ; and the writer is the last to 
recommend it for every possible instance, but the reader 
can be assured that it has proved effective in various and 
very different industrial works, that it entails compara- 
tively small clerical work, and presents, simultaneously, 


Fig. 6._-Showing the course of materials issued from the stores. 


The course of the material issued from the stores, and 
the clerical work connected with it, is illustrated as example 
by Fig. 6 for “ reserved material ’—i.e., where it is decided 
to distinguish the material by “ actual” and “ available ” 
stock. The scheme for ** not reserved * material can easily 
be determined from Fig. 6. 

The planning department makes out the requisition slips 
and sends the original and the copy together to the work- 
shop, which in turn forwards both to the stores. From the 
stores the copy of the requisition slip travels, together with 
the material in question, to the workshop, while the original 
is sent to stores control. In the stores control all necessary 
details are entered into a card indexing system, which can 
be regarded as the key to the information about each 
material issued from the stores, and must, therefore, be 
very carefully kept. This point will be discussed later, 
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After the evaluation of the issued material and entry of 
the value on the requisition slip as well as in the card 
index, a summary is prepared and made out in duplicate. 
This can consist of a daily or a weekly summary, according 
to the number of the issue items, and the originals of the 
requisition slips with both copies of the summary then 
travel to the costing department, where they are examined, 
mistakes corrected, and failures rectified. The current 
numbers of the requisition slips provide a guide for the 
latter purpose. 

When the copy of the summary is acknowledged as 
correct, it is returned as a receipt to the stores control and 
« short voucher informs the book-keeping department of 
the necessary figures to be taken from the summary. Thus, 
the book-keeping department receives daily or weekly 
figures for entering into the accounts, instead of figures 
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It is proposed, therefore, to confine the discussion to the 
problem of centralisation or decentralisation of the stores. 

It is obvious, from an administrative point of view, 
that the centralisation of the stores has great advantages, 
and therefore | have generally found an inclination towards 
this form. It must, however, be considered that, especially 
in metallurgical works where mostly large areas are covered, 
centralised stores easily increase the transport costs to an 
inadmissible amount. It is often difficult to find out 
whether this point is actually reached, because the deter- 
mination of the actual losses by excess of transport is not 
an easy task and generally includes a mere estimation of 
some costs in addition to those which can be calculated. 
When looking for a suitable compromise, it should always 
be considered that administration is a service the demands 
of which must be secondary to those of the main work, 
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for each detail, but the auditors can easily trace back the 
origin and composition of these figures to the single 
requisition slips, where they consider this to be necessary. 
The requisition slips are collected, according to the order 
numbers, in the costing department, so that the consump- 
tion of the material can be determined for each order 
separately. This does not mean that the determination 
should be made for all orders ; on the contrary, in many 
cases it has been proved that a complete calculation of all 
finished orders is unnecessary, as the advantage gained 
does not compensate for the amount of clerical work 
involved, but the costing department should be in a 
position to collect easily the costs of any order which the 
management may select for any special reason. 


The Stores Control 


A few remarks may be added about the work of the 
stores control, or rather its main tool—the stores card index. 
How it works may be gathered from Fig. 7, which shows 
only the head of the cards and scarcely needs a detailed 
explanation. It gives as an example the printed form of 
a card, which may be used for “‘ reserved ~ material and 
would satisfy all demands which can be put to such a 
document. For example: one card is used for the type of 
material concerned, and the sum of all cards make a con- 
tinuous inventory of the whole material existing in the 
works if—and this is essential—the cards are used and filled 
in properly. That is the important and difficult duty of all 
concerned with stores control, and the superintendent and 
his assistants must look after the correct working of this 
apparatus incessantly ; for, as mentioned in our second 
article, mistakes too easily creep into these details, which, 
though small in themselves, may add up to amounts which 
make illusory the necessary survey, without which the 
management cannot lead the undertaking efficiently. 

The foregoing explanations may be sufficient to convey 
a right impression of the position occupied by the stores 
in the organisation of the works. It will be appreciated 
that the explanations are not by any means exhaustive ; 
what is hoped, however, is that these examples show the 
spirit in which these matters should be approached and 
dealt with. No attempt has been made to discuss the 
various mechanical auxiliaries, which, in these departments, 
facilitate the detail work that must be done in any case. 

Lay-out 

To discuss the stores as part of the lay-out of the works 
in a general way presents many limitations, since less can 
be mentioned than can be considered to be generally correct. 


especially if the latter is connected with such high costs 
as transport generally involves. 

When the transport costs from a central store are likely 
to be excessive, two or more stores for the same material 
may be located in various parts of the works, and a new 
and difficult task of stores control arises. It is necessary 
to assign the right proportion of material to each individual 
store, to equalise stock, when issues from one store have 
been excessive, to consider all stores together when ordering 
new material, ete. The usual method of maintaining 
balance between the various stores is to use an individual 
card for each store and a main or summary card for all 
stores together ; this certainly involves additional clerical 
work, and difficult clerical work too, but I only know of 
rare cases where it could be avoided with advantage. 

In any case, it is important to guard against measures 
of distribution which allocate weekly or even monthly 
consumption of certain material to the foremen—.e., 
building up “ foremen stores,” which have to be made good 
according to the quantities issued to the shops. Although, 
at first glance, this idea seems to be very promising, it 
cannot be too strongly pointed out that in practice the 
method is bad. The control of these numerous small 
stores becomes so difficult, that often it is entirely omitted 
and the necessary survey is lost. The writer could tell 
from his experience convincing examples, where material 
of a value amounting to hundreds and even thousands of 
pounds had disappeared from the books, and was found 
only after many months; material which was_ badly 
needed in other parts of the works. 

He who believes that such or similar conditions are 
impossible in his own works may be congratulated whole- 
heartedly, but the writer, as a result of his many experiences 
of industrial practice, is usually somewhat sceptical of the 
accuracy of such statements. 


Correction of Brasses for Zinc Loss 


In a heat of brass the addition of copper or zine is often 
necessary or advisable to effect adjustments of composition 
in a melt. To assist the practical foundryman in deter- 
mining accurately the amount to be added Foundry 
Services, Ltd., have produced a very useful chart, scien- 
tifically known as a ** Nomograph,” which gives the informa- 
tion required for corrections in brass compositions. This 
chart, which has been developed by Mr. G. T. Salinger, 
gives full information on its use, and copies are available 
on application to Foundry Services, Ltd., 285, Long Acre, 
Nechells, Birmingham. 
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World Capacity for Aluminium 


Production 
By Robert J. Anderson, D.Sc. 


World capacity for aluminium production has been notably enlarged in the last 

decade. The present stage of aluminium development is of great interest, and in 

this article the situation in respect of world capacity and its distribution among 

countries is examined. Both minor and major producing countries are considered, 

as well as non-producing countries, and a comparison made with the development 
of other non-ferrous base metals. 


ALL RIGHTS RESERVED, INCLUDING THE RIGHT OF TRANSLATION INTO FOREIGN LANGUAGES. 


UCH interest has been attracted in non-ferrous 
M metal circles to the substantial rise in world output 

of primary aluminium during recent years. In 
1936 total output was about 30°, greater than in 1929, 
while in 1937 it was nearly 74°, more. The increase of 
output for 1937 over 1936 was approximately 34°. These 
advances are more striking when comparison is made 
with the variations in outputs of other non-ferrous base 
metals for the same years. Aluminium stood relatively far 
ahead in all cases with the sole exception that its percentage 
increase was almost the same as that of copper in 1937 as 
against 1936. 


United States Germany 
24.55% 24.55% 
Others 
1.27% 
ited Kingdom , 
/> 


Fig. 1.—Distribution of capacity for producing primary 
aluminium in 1937. 

World capacity for aluminium production has been 
notably enlarged within the last decade. New works or 
additions to old ones have been built by major companies 
in the principal industrial countries. Moreover, since 1930, 
aluminium production has been taken up for the first time 
in five countries. It is understood, of course, that the 
capacity for manufacturing alumina and also carbon 
electrodes has likewise been increased more or less corre- 
spondingly. Furthermore, the supply of electric power for 
the aluminium industry has had to be considerably 
augmented. 

At the present stage of aluminium development the 
situation in respect of world capacity and its distribution 
among countries may be aptly examined. In this connec- 
tion various plans fer increasing output greatly on the near 
term enjoin special remark. On account of the importance 


of aluminium for military purposes, the whole matter is of 


particular interest at this time, since an European war seems 
contingent. Then, too, it is worth while to consider the 
effects of recent tendencies on the position of countries 
which produce aluminium chiefly for export. 

As is well known, the possible annual output of an 


aluminium works depends upon not only the number and 
size of reduction cells, but also the amount of electricity 
available on the average during a year. The operation of a 
works may be restricted or stopped at times owing to lack 
of water for generating hydro-electric power. In the present 
discussion, capacity is considered to be the quantity of 
metal which can be produced per annum, provided that the 
power supply is sufficient. Of course, output is also affected 
by some other factors. 

The figures of annual capacity given here are mostly 
estimates based on information obtained from various 
sources. In 1929, total world capacity for the production 
of primary aluminium was about 300,000 metric tons. In 
1937 it was about 550,000 metric tons. Fig. 1 represents 
the approximate distribution of capacity, expressed in 
percentages of the total, as among countries for the latter 
year (cf. Table 1). In most cases the decimals, at least in the 
second place, are of no significance. 

By present or current capacity is meant the nominal 
average capacity for output as of 1937. The unit of weight 
used throughout is the metric ton. 

TABLE I. 
Wortp Capacity FOR THE PRopUCTION OF PRIMARY ALUMINIUM. 


In metric tons, thousands omitted. 


Capacity. 
Country. Output, 
1937 (a). 


Present %, of To be 
(1937). Total. _ Installed (e). 


Australia ........ - 2 
British India ..... - - 5 
42-6 45 O-18 35 
34-5 40 7-27 5 
Germany (6) ..... 131-6 135 24°55 85 
1-2 2 0-36 5 
22-9 28 5-09 20 
10-5 25 4°55 20 
Jugoslavia ....... 0-3(c) l 0-18(c) 5 
ee 23-0 35 6-36 5 
Rumania ....... _- 4 
Soviet Union ..... 45-0 50 9-09 40 
(d) 2 0-36 
1-8 2 0-36 
Switzerland ...... 25-0 28 5-09 — 
United Kingdom .. 19-4 22 4-0 10 
United States .... 132-8 135 24-55 45 
490-6 550 100 289 


(a) As reported by the Metallgesellschaft A.-G. 

(6) Including Austria. 

(c) Including other European countries. 

(d) Works closed in 1937. 

(e) Estimated new eapacity which may be ready for operation 
by 1940 or sooner. 


Major Producing Countries 
Ten countries now rank as major producers of primary 
aluminium. They are: Canada, France, Germany, Italy, 
Japan, Norway, the Soviet Union, Switzerland, the United 
Kingdom, and the United States. The current and prospec- 
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tive situations as to capacity in these countries are sum- 
marised below. 

Total capacity of aluminium reduction works in Canada 
was 45,000 tons to 50,000 tons as of 1937. The former 
figure amounts to about 8-2°,, of world capacity. Additions 
projected for early completion are calculated to make 
possible an output in the country of approximately 80,000 
tons annually. 
works over a period of years has also been planned. The 
consumption of aluminium in Canada is small, and most 
of the output has hitherto been exported. All ore is 


imported. At present the largest market for Canadian 
aluminium is within the British Empire, principally 
England. 


The capacity for aluminium production in France has 
been given as upwards of 50,000 tons. Estimates of such 
order are evidently too high. It appears that the nominal 
total for all operative works is about 40,000 tons. This 
corresponds to nearly 7-3°,, of world capacity as estimated. 
French consumption of aluminium has lately been. less 
than output, and a considerable quantity of metal was 
exported in 1937. Capacity of the country will probably 
not be increased much on the near term unless war breaks 
out. France is self-sufficient as to aluminium ore. It is 
the world’s largest producer, and is also an important 
exporter of bauxite. 

Remarkable developments have been made during 
recent years in the aluminium industry of Germany. Thus, 
the capacity of reduction works was tripled in the period 
1934-1937. Further large additions are in the course of 
construction. Total capacity as of 1937 is estimated at 
130,000 tons. This was raised to about 135,000 tons by the 
annexation of Austria with its two small works. The 
latter amount is approximately 24-5°,, of world capacity, 
and is practically the same as that of the United States. 
According to a late report, output of primary aluminium in 
Germany may reach about 180,000 tons in 1938. This 
would mean an increase of nearly 37°,, over the previous 
vear. The great expansion of German capacity has been 
carried out under a special plan provided by the government. 
It now appears that total capacity may be raised to upwards 
of 220,000 tons annually by 1940 or sooner. Supplies of 
bauxite are wholly imported, since the home deposits are 
small and of poor quality. 

Aluminium capacity of Italy is rated as 28,000 tons to 
30,000 tons at the end of 1937. Output in that year was 
appreciably less. A capacity of 28,000 tons corresponds 
to about 5-1°,, of the world total. The Italian industry has 
expanded rapidly during late years, output in 1937 being 
more than three times that in 1929. New works have been 
built recently, and others are projected. A capacity of 
about 40,000 tons may be attained by the end of 1938. For 
the longer term the government has demanded that pro- 
ducers increase total capacity to 100,000 tons a year. 
Italy ranks among the foremost countries as to output of 
bauxite. 

Industrial production of primary aluminium was begun 
in Japan only four years ago. Output has been increased 
to exceed 10,000 tons in 1937. The nominal capacity of all 
works has been given as 25,000 tons—about 4-5°, of the 
world total—at the end of that year. It is claimed that full 
operation was impossible, due to lack of ore. As announced 
lately, capacity is being enlarged by the various producers 
with the view to providing a total of about 77,000 tons 
by 1941. The aim of a governmental plan is to reach a 
capacity of 120,000 tons within five years. Both domestic 
alunite and clay, as well as foreign bauxite, have been used 
as ore, 

The total capacity of aluminium-reduction works in 
Norway is reckoned at approximately 35,000 tons, or 
nearly 6-4°,, of that estimated for the world. Output of 
this quantity has not been made. Norwegian consumption 
of aluminium does not amount to much, and nearly all the 
metal produced is exported. There seems to be no good 
reason for expecting any important enlargement of capacity 


A programme for further enlargement of 
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in the near future. A small addition is, however, being 
made to one works. Aluminium ore is not mined in 
Norway. Alumina and bauxite are imported. 

An outturn of primary aluminium by the Soviet Union 
was first reported for 1931 when the quantity was trifling. 
Since then the country has rapidly developed its industry. 
The output in 1937 was about 45,000 tons, and the capacity 
is estimated at 50,000 tons. This latter amount is approxi- 
mately 9-1°., of the world total. Works for an additional 
25,000 tons may become operative shortly. As is known, 
semi-astronomical figures concerning proposed output of 
aluminium in the country have been frequently issued by 
Soviet sources. According to a recent announcement, it is 
intended to build three new works and to enlarge existing 
ones so as to have ready a total capacity of more than 
200,000 tons by 1942. Since good deposits of bauxite 
were found a few years ago in the Soviet Union, its ore 
supply is now regarded as satisfactory. 

The rated capacity of Switzerland for the production of 
primary aluminium is 28,000 tons. This corresponds to 
about 5.1°, of the world total. One works was recently 
enlarged, but it does not seem likely that capacity will be 
increased much more in the immediate future. During the 
last decade Switzerland has lost rank among major pro- 
ducing countries as new works and additions elsewhere have 
come into operation. While home consumption is fairly 
substantial, almost 65°,, of Swiss output for the 10-year 
period 1928-1937 was exported. Bauxite is not found in 
Switzerland. Alumina is shipped to the reduction works 
from foreign ore-conversion plants of the producers. 

Nominal capacity of aluminium works in the United 
Kingdom is estimated at 22,000 tons as of late 1937, or 
4°, of the total for the world. A programme of expansion 
has been prosecuted for some years and is now nearly 
completed. Capacity by the end of 1938 may be about 
30,000 tons, but it is thought that output will not be above 
25,000 tons. This capacity is considerably less than the 
indicated consumption—upwards of 47,000 tons—in 1937, 
when more than 32,000 tons were imported. Ore for the 
British industry comes from foreign sources. 

The capacity of works for the production of primary 
aluminium in the United States is supposed to be approxi- 
mately 135,000 tons annually. This is about 24-5°%, of the 
world total. Output is usually insufficient to cover 
domestic requirements, and a rather large amount of metal 
is ordinarily imported each year. The quantity drawn 
from abroad in 1937 exceeded 20,000 tons. In respect of 
primary aluminium, the United States has so far ranked 
first as to output and consumption for almost all years. 
But it may shortly be displaced by Germany in both. 
Also, up to now, the United States has been the largest 
producer and consumer of secondary aluminium, output 
in 1937 being nearly 57,000 tons. At the present time 
additions to American reduction works are being built. 
The new installations are expected to be ready for operation 
within two years, and the total capacity will then be about 
180,000 tons. Both domestic and foreign (mostly South 
American) bauxite is used as ore in the United States. 

Of the 10 major aluminium producing countries, at least 
three—Canada, Norway, and Switzerland—are to be 
denoted as surplus lands—that is, their output is consider- 
ably greater than home consumption. Two—the United 
Kingdom and the United States—are deficit countries— 
that is, substantial quantities of metal are imported in order 
to fulfil domestic requirements. In most cases output and 
consumption of the others is more or less in balance. The 
general situation just outlined is, of course, not to be 
regarded as permanent. In passing, it may be remarked 
that the consumption of aluminium in various countries 
can be much increased by substituting it for other metals on 
a strictly economic basis. 


Minor Producing Countries 
There are four minor aluminium producing countries— 


Their 


namely, Hungary, Jugoslavia, Spain, and Sweden. 


‘ 
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combined capacity is only about 7,000 tons, or, say, 14% 
of the world total. The present position of these countries, 
as well as that presaged for the near term, is described 
briefly in the following paragraphs. 

Primary aluminium was first produced in Hungary in 
1935. Output is still insignificant, being only about 1,200 
tons in 1937. Also, consumption is small. Capacity of the 
single works is rated at 2,000 tons. It is reported that this 
is soon to be doubled, and later to be increased to 6,000 tons. 
A project announced recently calls for the erection of 
another works with a capacity of 4,000 tons. Hungary is 
rich in bauxite resources and ranked second as to output 
in 1937. Most of the ore is exported to Germany. 

The first aluminium works in Jugoslavia began to operate 
in 1937. Its capacity is given as 1,000 tons, and this is to be 
increased to 2,000 tons within a short time. Plans have 
also been made for building another works (capacity not 
stated). According to a late report, it is hoped to produce 
upwards of 5,000 tons annually, before long, with the view 
to supplying the requirements of the Little Entente. 
Present consumption of aluminium in Jugoslavia is trifling. 
The country is an important producer of bauxite. 

There is a small aluminium works in Spain. It came into 
operation in 1928. Maximum output in any year since was 
about 1,300 tons. The capacity is somewhat less than 
2,000 tons, which is ample to supply home demand. No 
output was made in 1937 for the works had previously to be 
closed on account of its proximity to a combat area of the 
civil war. Spanish bauxite deposits are smali and of poor 
quality. Alumina has been imported for the reduction 
works. 

Production of aluminium in Sweden was first begun in 
1934 at a small works. The rated capacity is about 2,000 
tons. Swedish consumption has been increasing during 
the last decade, and in 1937 approximately 2,900 tons of 
metal were imported. The indications are that a capacity 
of about 5,000 tons may soon be needed to supply the home 
requirements. So far, however, no reports concerning any 
additions have appeared. Bauxite is not found in Sweden. 
Alumina is imported. 

Consumption and output are not much out of line in the 
case of Hungary, Jugoslavia, and Spain. Sweden is a 
deficit country. 


Non-Producing Countries 


As yet there is no primary aluminium industry in a 
number of countries where consumption is appreciable or 
else could be substantially increased. In most cases 
important financial interests in these countries or the 
governments wish to establish domestic reduction works. 
The desire to produce aluminium at home has been enhanced 
during late years as a result of changing politico-economic 
conditions throughout the world. Among other matters 
in this connection, the following may be mentioned : The 
growth of nationalism, the general drive toward seif- 
sufficiency, the tendency to promote new industries in order 
to reduce imports and to relieve unemployment, and the 
necessity of controlling raw materials which are especially 
required for war. 

Recent developments indicate that aluminium pro- 
duction may be expected to start soon in several countries, 
and will probably be undertaken later in some others. The 
current situation is outlined below. 

According to report, an aluminium works with a capacity 
of about 2,000 tons is to be built in Australia. Total 
annual consumption of the country has been approaching 
this figure. The known deposits of bauxite in Australia 
are not good. Alumina will probably be imported at the 
outset. 

Many proposals have been made concerning the establish- 
ment of an aluminium-reduction works in British India. 
Two projects, if not more, are in hand at the moment. 
One calls for the construction of a works with a capacity 
of 3,000 tons, while 8,000 tons is considered in the other. 
Annual imports of semi-manufactured aluminium products 
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by British India reached a maximum of about 8,500 tons 
some years ago and latterly have approximated 3,000 tons. 
The country is rich in good bauxite, hydro-electric power 
sources, and coal, but its transport facilities are poor. 

The question of producing aluminium in Holland has 
been studied lately by the government and also by several 
private interests. One company plans to erect a works 
with a capacity of 3,000 tons. This is more than enough 
to cover Dutch requirements at the present time. It has 
also been proposed to build a works in the Dutch East 
Indies. The exploitation of high-grade bauxite deposits was 
started recently in this colony, and the output was nearly 
200,000 tons in 1937. 

Plans have been made to produce aluminium in Rumania. 
Consumption of the country in 1937 was about 8,000 tons. 
One company has announced that it intends to construct a 
works with a capacity of 3,600 tons. According to recent 
report, a governmental project to produce the metal has 
been abandoned. Rumania contains important deposits 
of bauxite, but these have not been mined on a large scale 
since the World War. 

Other ¢ountries where plans for aluminium production 
have been under consideration for some time include 
Belgium, China, Czechoslovakia, Greece, and Poland. It 
does not seem likely, however, that large works will soon 
be erected in these countries. 


Summary of Capacity 


Table I. gives the output of primary aluminium by 
countries in 1937, the estimated capacities for the same 
year, and the prospective additions which may be ready 
for operation by 1940 or earlier. The respective totals 
are also shown as well as the percentage distribution of 
present capacity (cf. Fig. 1). 

As may be noted, the United States and Germany each 
accounted for about one-fourth of world capacity in 1937. 
A combined capacity amounting to almost half of the total 
was had by the other (eight) major producing countries— 
namely, Canada, France, Italy, Japan, Norway, the Soviet 
Union, Switzerland, and the United Kingdom. That of the 
four minor producing countries—Hungary, Jugoslavia, 
Spain, and Sweden—was about 1}°, of the world total. 
As already suggested, the decimals (if not some integers) of 
the percentages given in Table I are of little or no significance 
in most cases. They are merely the result of calculation. 

Regarding new capacity which may come into operation 
within two years, as indicated in the last column of Table L., 
the figures are estimates based on reported intentions and 
data from various sources. Whether the total of nearly 
290,000 tons and the quantities for the individual countries 
are attained will depend on the course of events. The 
prospective increase by 1940 certainly looks high. But 
it does seem probable that world capacity may reach 
750,000 tons during the next few years. 


Relation to Other Metals 


The development of world aluminium output since the 
inception of the industry has been discussed at some length 
by the author.'. Comparison was made there with other 
non-ferrous base metals. It is useful here to consider the 
relative situation with reference to the last year of record. 

Table II gives the world outputs of aluminium, copper, 
lead, tin, and zine in 1937 by weight and by volume, 
together with the totals as well as the individual percentages 
thereof. Up to now the maximum outputs of any year were 
recorded in 1937 for all the metals except lead. In 1929 
world output of lead was a little more—58,900 tons, or 
about 3-5°,—than in 1937. Figures for the maximum 
outputs so far attained are fairly well indicative of the 
nominal capacities for production. The former may be 
10 to 15°, less than the latter. 

As emphasised in the work just cited, it is misleading to 
compare the output of a light and of a heavy metal on the 


1 Anderson, R.J. “ Long-term Growth of World Aluminium Output.” METALLURGLA» 
vol, 18, No. 105 (July), 1938, pp. 87-90, 
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TABLE Il. 
Wortp Ovutruts or Non-Ferrous METALS, 1937. 


Weight Basis. Volume Basis. 


Metal. 
Metric Tons, % of Cubic of 
| Thousands. Total. Meters, Total. 
(a) Thousands. 
Aluminium ... 490-6 7-81 181-7 21-41 
Copper ...... 2,257-1 35-94 253-6 29-88 
1,691-7 26-94 148-4 17-49 
205-4 3°27 28-1 3-31 
1,635-2 26-04 237-0 27-92 
..... 6,280-°0 100 848-8 100 


(a) Primary (smelter) outputs as reported by the Metall- 


gesellschaft A.-G. 

basis of weight. The relation of outputs is more correctly 
conceived on the basis of volume. Table II shows the 
comparative positions of the several metals on both bases 
with reference to the combined output of all. The 
differences are striking. By way of example, the case of 
aluminium may be inspected. World output of the metal 
in 1937 was 490,600 tons, or about 7-8 of the total 
(6,280,000 tons) for the five metals. Correspondingly, the 
aluminium output was 181,700 cubic metres, or approxi- 
mately 21-4°,, of the total (848,800 cubic metres) for the 
five metals. 

The relative positions of the metals as given in Table II 
are illustrated graphically in Figs. 2 and 3. In the 
apportionment for Fig. 2 the percentages are of total output 
(all five metals) based on weight. For Fig. 3 the dis- 
tribution is based on volume. 

Examination of the statistical data discloses that the 
proportionate quantity of aluminium produced, as referred 
to the combined amount for the five metals, has increased 
rapidly over the course of late years. This is more evident 
when the volumes, rather than the weights, are considered. 


Resumé and Conclusions 


World output of primary aluminium and capacity for 
production have increased greatly during the last decade. 
Total capacity as of 1937 is estimated at 550,000 tons, 


Fig. 2.-World output of non-ferrous metals ; percentages 
of the total, as based on weight. 


while that in 1929 was about 300,000 tons. New capacity 
which may come into operation within the next few years 
is reckoned at 250,000 + tons. A large additional capacity 
has been planned for completion over a longer term. 
Ten countries are ranked as major producers of primary 
aluminium—namely, the United States, Germany, the 
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Soviet Union, Canada, France, Norway, Italy, Switzerland 
Japan, and the United Kingdom. There are four minor, 
producing countries—Sweden, Hungary, Jugoslavia, and 
Spain. It appears that aluminium production will be 
undertaken before long in Australia, British India, Holland, 
and Rumania. 


Fig. 3.—-World output of non-ferrous metals ; percentages 
of the total, as based on volume. 


Aluminium capacities of Canada and Norway are much 
greater than the home consumption, and works in these 
countries produce mostly for export. This applies to 
Switzerland in lesser degree. Capacities of the United 
States, Sweden, and the United Kingdom are insufficient 
to supply domestic requirements in years of active demand, 
and more or less metal is imported annually by these 
countries. 

While aluminium output has increased very rapidly for 
the world as a whole during recent years, the relative gains 
made by the dictator countries are especially notable. 
Moreover, such countries have projected plans for greatly 
enlarging present capacity. As a consequence, shifts in 
the ranks of major producing and consuming areas are 
imminent. Apart from other reasons for developing their 
aluminium industries, one adequate incentive is that the 
war departments of autarchy nations place most reliance 
on aircraft. The several circumstances which have induced 
particular heed of aluminium in the totalitarian states have 
been discussed in another place.? 

Attention has been directed to the relative position of 
the five metals—aluminium, copper, lead, tin, and zine,— 
with reference to the total output of all five. It was also 
pointed out that the maxima of the outputs are not much 
below the respective capacities. On the basis of weight, 
the aluminium output was only about 7-8°, of the total 
for the last year of record. But, on the basis of volume, 
it was about 24-1°,. Finally, the indications are that the 
relative position of aluminium, in the respect stated, will 
continue to improve for an indeterminate period at the 
expense of copper, lead, tin, and zinc. 


Catalogue SS. 11/3 has been received from the English 
Steel Corporation. This 16 pages and cover publication is 
printed in two colours, and deseribes “ Vibrac ”’ nickel-chrome- 
molybdenum alloy steel and its applications. Vibrae V 30 
and V 45 steels are substantially the same in composition 
except for their carbon contents, V 30 having 0-27—-0-35 
carbon, and V 45 having 0-38-0-45 carbon, the latter finding 
application for larger parts. When dealing with parts of 
similar mass, V 30 after similar treatment will give rather 
lower tensile strength with greater ductility than V 45. 


2 Anderson, R. J. “ Economic Trends in the World Aluminium Industry.” The 
Mining Jour., vol. 202, No, 5377 (Sept. 10), 1938, pp, 853-5, 
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High Nickel Nickel-Chromium-Iron 
Alloys for Furnace Work 


By J. O. Hitchcock, B.Sc. 


Heat-treatment operations are usually carried out at temperatures which enable metals 
to be used in the design of suitable furnaces, and in this article the author describes 
some of the properties required in such metals, and suggests how they may be secured. 


EFORE it reaches the form in which it is ultimately 
B required, a metal or alloy must be subjected to 

treatment of one kind or another, often involving 
the application of heat. It is, in fact, the facility with 
which metals can be softened and hardened at will by means 
of heat-treatment which enables them to be so well adapted 
to many engineering purposes. 

Heat-treatment operations for steel include reheating 
for hot-working, normalising, annealing, hardening, temper- 
ing, and case-hardening, and many of these operations 
apply also to non-ferrous metals. The temperatures 
involved range from the boiling point of water to near the 
melting points of the metals themselves. 

It will be clear that operations conducted over this wide 
range of temperatures will necessitate different types of 
heating apparatus or furnaces with a certain degree of 
versatility, and the materials used in their construction 
will have to satisfy somewhat diverse and_ stringent 
requirements. 

For furnaces operating at temperatures above about 
1,200° C., it is necessary to use non-metallic refractory 
materials, unless water or other cooling systems are 
employed, because all otherwise suitable metals deteriorate 
rapidly at such temperatures. The use of these non-metallic 
materials gives rise to complicated problems of design and 
maintenance, and it is, therefore, fortunate that most heat- 
treatment operations are carried out at lower temperatures, 
and can thus be conducted in furnaces which make use of 
metals in their design. It is the purpose of this article 
to describe some of the properties required in such metals, 
and to offer some suggestions as to how these may be 
secured. 

It may be stated briefly that some or all of the following 
characteristics will be of importance, according to the 
conditions to be encountered :— 

1. Resistance to excessive scaling and chemical 
attack when in contact with oxidising and other gases 
at high temperatures. 

2. Retention of strength and resistance to “* creep 
at elevated temperatures. 

3. Toughness and freedom from brittleness, both 
initially and after service at high temperatures. 

4. Stability of dimensions, particularly after repeated 
heating and cooling. 

5. Availability in all engineering forms. 

The introduction of electric heat-treatment furnaces 
tended to reduce the first question, that of scaling, to simple 
oxidation, but the more recent development of bright 
annealing processes has brought in its train the need for 
resistance to a variety of reducing gases, some of which have 
considerable destructive potentialities. Gas-, oil-, and coal- 
fired furnaces involve corrosive attack by the products of 
combustion, frequently of a sulphurous nature. Other 
potent causes of chemical attack include the compounds 
used in case-hardening at the ammoniacal atmosphere 
used in nitriding operations. 

Strength and resistance to “creep” are self-evident 
requirements in the structural members exposed to heat. 
Toughness at both high and low temperatures is an 
additional necessity in parts, such as case-hardening boxes, 
which are likely to receive rough handling in use. Another 
advantage of a comparatively high strength is that this 
permits the use of thinner sections and a lower dead weight, 
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Fog. 1.—-Thermal variation of the true expansion of — 
nickel-chromium-iron alloy. 


and results in fuel economies and more efficient trans- 
ference of heat. Freedom from distortion and growth 
under the conditions of furnace work is another self-evident 
necessity. 

Having noted the chief requirements in metals for heat- 
treatment furnace parts, it will now be of interest to com- 
pare them with the properties of those nickel-chromium- 
iron alloys which have been so widely adopted for this 
class of work. 

Their composition usually lies within the following 


limits :— % 
10-20 
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Fig. 2.—-Case-hardening boxes in ‘‘ Cronite ’’—a nickel- 
chromium-iron alloy. 
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Courte 


sy of Birmingham Electric Furnaces, Ltd. 

Fig. 3.—-Pusher-type continuous electric furnace, for the 

heat-treatment of miscellaneous forgings, showing cast 

nickel-chromium-iron alloy work trays and carrier 
shoes. 


Composition 
Percentages. 


TABLE A. 


Room Temperature. 
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Courtesy of Birmingham Electric Furnaces, Ltd. 


Fig. 4.—Interior view of continuous electric furnace for 
the heat-treatment of high-tensile bolts, etc., showing 
cast-link belt conveyer in nickel-chromium-iron alloy. 


carburized to a depth of } in. after prolonged service. 

So far as nitriding operations are concerned, it has been 
reported*® that containers made from an alloy having 62°, 
of nickel and 12-5°%, of chromium were practically un- 
affected after 1,500 hours’ service. A further point of 
importance in this connection is that this type of alloy has 
no appreciable catalytic effect on the nitriding reactions, 
so that, taking both points into consideration, its cost is 
considered to be well warranted. 

Controlled carburising or reducing atmospheres used in 
bright annealing and other heat-treatment operations have 
in some cases caused attack on metals at high temperatures, 


1,600° F, (872° C.) 
Short Time.* 


Tensile Yield Elongation, Reduction Tensile Elongation | Reduction 
Ni Cr. Fe Strength, Point, %. of Area, Strength, %. of Area, 
Tons/Sq. In. | Tons/Sq. In. %. Tons/Sq. In. | %. 
fee 65 15 Bal. 29 20 10 10 9 25 35 
* Rate of Pull, 0-05 in.-hour. 
TABLE B. 
Alloy. Time- Yield. 
Nickel, Chromium, Iron. Manganese, 500 600 700 800 900° 1,000° 
Tons /Sq. In. Lb. /Sq. In. 
62 13 Bal. 1-4 15 33 1} 1,500 300 100 
approx 
78°55 13-44 Bal. 0-21 10 4 1} 280 280 — 
0-25, carbon steel. 4 1 400 Ib. 


Their resistance to scaling and chemical attack increases 
with the nickel and chromium content, though small 
percentages of silicon also have a beneficial effect, par- 
ticularly in certain atmospheres. Hatfield’ has shown that 
in an atmosphere typical of the combustion products of 
most normal fuels, the alloys containing a high percentage 
of nickel are practically unattacked at temperatures as 
high as 1,200°C. On the other hand, they are rather 
susceptible to the attack of gases containing a high percent- 
age of sulphur, and under these conditions, particularly at 
elevated temperatures, it is preferable to employ alloys 
with a lower nickel content. 

In contact with carburising compounds a high percentage 
of nickel has been shown* to have a beneficial effect in 
retarding the adsorption of carbon although instances 
have been met where the 65%, nickel alloy has become 


1 W. H. Hatfield. “ Heat-Resisting Steels... Jnl. Inst. Fuel, 1938, vol. 11, pp. 
245-34: dise. pp. 440-5, 

2 R. W. Roush and A. C. Dames. “ A Study of Commercial Carburising Containers.” 
Trans. Amer. Soc. for Metals, 193%, vol. 26, pp. 646-79: dise. pp. 679-86. 


3 J. W. Harsch and J. Muller. “ Nitriding Containers. 
Metal Progress, Dec., 1931, vol. 20, pp. 41-4. 


High Nickel Alloys Best.” 


Fig. 5.—-Large annealing muffle in nickel-chromium- 
iron alloy, mounted on a furnace charger. 


Courtesy of the Cronite Foundry Co., Ltd, 
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Courtesy of Birmingham Electric Furnaces, Ltd. 
Fig. 6.—Double-ended bogie hearth furnace for heat- 
treatment of heavy forgings, showing cast nickel- 
chromium-iron alloy work supports. 


but it has been shown‘ that failures are comparatively rare, 
and it is thought that the nickel-chromium-iron alloys, with 
minor modifications for particular cases, can successfully 
meet requirements of this service. There are many instal- 
lations, for instance, where these alloys operate satis- 
factorily in atmospheres ranging from cracked ammonia 
to practically burned coal gas and butane. 

Laboratory tests have given further evidence of the 
freedom from chemical attack that these alloys exhibit in a 
variety of oxidising, reducing and special atmospheres. 
These tests show also that there is no doubt that their 
resistance is due to the character of the oxide film that 
forms on the surface. This oxide is adherent, and once 
formed offers a considerable degree of protection to the metal. 

The mechanical properties of the wrought or cast nickel- 
chromium-iron alloys containing a high percentage of nickel 
present an interesting combination at both normal and 
elevated temperatures. Actual test results on the alloy as 
cast are shown in Table A,* and the ductility at 872°C. 
should be particularly noted. It is well known, of course, 
that under a constant stress at elevated temperatures a 
metal will fail at a much lower stress than when quickly 
pulled, so that short-time tests, though giving some idea of 
strength at elevated temperatures, cannot be used to give 
absolute figures. 

A more accurate estimate, for design purposes, can be 
obtained from sustained or “creep” tests. Strength 
under sustained stress at high temperatures may be con- 
veniently expressed' in terms of ** time-yield ” stress—that 
is, the stress required to produce “ creep” at the rate of 
one millionth of an inch per inch per hour. Figures for the 
time-yield stress of two nickel-chromium-iron alloys and 
for a carbon steel are given in Table B. 

The nickel-chromium-iron alloys have an austenitic type 
of structure, and do not undergo major transformations 
during heating and cooling from elevated temperatures ; 
this fact, coupled with freedom from excessive grain growth 
at high temperatures, is an added assurance against 
embrittlement in service, and it is rare to find examples 
of fractured furnace parts in this type of alloy. It will 
readily be appreciated, of course, that the properties are 
greatly impaired by blowholes and similar imperfections, 
and, therefore, that sound castings are essential. 

Stability of dimensions is assisted by the fact that within 
this type of alloy can be found a material with the lowest 
thermal expansion® of the common heat-resistant alloys, 
and also by the fact that the rate of increase of expansion 
is uniform over the range of temperatures employed (See 
Fig. 1). These characteristics minimise expansion and 
contraction strain during repeated heating and cooling. In 
addition to these points, the adherence of the protective 
oxide film is not impaired, as it would be if the expansion 
of the alloy were subject to sudden changes. 

Approximate physical characteristics of the alloys are :— 


1. “ Damage to Muffles by Controlled Atmospheres.” Metal Pregress, 1938, vol. 33, 
pp. 277-80. 

5. P. Chevenard. 
Trav. et Mem., Bureau International des Poids et Mesures. 


* Recherches Experimentales sure les Alliages de Fer, de Nickel 


et de Chrome.” 1927, vol. 17. 


Publ. Gauthier-Villars et Cie, Paris. 
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Availability 

The nickel-chromium-iron alloys can be produced in all 
the forms likely to be needed for furnace construction. 
They are most frequently used as castings, and while 
special foundry technique is necessary, no difficulty is 
experienced in producing quite intricate castings in some 
of the more complex compositions used for special purposes. 
Wrought forms are regularly produced, but naturally need 
considerably more power, etc., than ordinary materials in 
hot-working operations. The alloys can be welded by 
electric and gas methods, and many structures are being 
made in this way to-day. 


Applications 

Case-hardening boxes form one of the chief applications 
for which alloys of this type have proved most successful. 
It is interesting to note in this connection the improvements 
in design of box that have taken place in recent years to 
obtain more efficient heat distribution and economy of dead 
weight. Nickel-chromium-iron alloy boxes outlast those 
of steel many times, and give substantial savings in pro- 
duction costs. In addition, when their useful life is ended, 
the metal still has a good scrap value. Fig. 2 illustrates a 
batch of boxes prior to charging in an electric furnace. 

In the construction of electric furnaces, nickel-chromium 
heat-resisting alloys are standard for such parts as element 
guards and supporting hooks, floor plates, woven wire 
conveyer belts, thermocouple tubes, and hearth-covering 
plates. 

In gas-, oil-, and coal-fired furnaces, the alloys are used for 
hearth plates, dampers, roof supports, burner nozzles, 
baffles, and for many other structural members. 


New Electrode for Depositing Machineable 

Alloy on Cast Iron 
A NEw electrode, designated ‘* Softweld,” has recently been 
developed by the Lincoln Electric Co., for depositing a soft 
machineable alloy on cast iron. It is a heavily coated 
shielded are electrode, having a size ,; in. x l6in. and 
polished at one end. The coating on this wire—a non- 
ferrous alloy—is designed to cause the weld metal to flow 
over and bond to the cast iron with a minimum of penetra- 
tion or heating of the base metal. This electrode operates 
best with D.C. negative polarity, although A.C. may be 
used. 

While a single layer deposit will be machineable in the 
weld metal, at least two layers should be deposited in order 
to obtain a soft fusion zone. The entire weld area may then 
be machined, sawn, drilled, and tapped without difficulty. 
Current should be just high enough to obtain the necessary 
bond. The are should be fairly long—about } in.—and the 
electrode should be moved slightly from side to side. An 
average of 90 amps. and 18 volts at the arc, generally, will 
be found satisfactory. 

Localised heating is liable to crack cast iron and to 
avoid this care must be taken to keep the coating from 
getting too hot. The welding should be done intermittently, 
if necessary, and short beads—2 in. to 3 in.—are preferable. 
Each weld should be peened after depositing, the small 
amount of slag left on the bead may then be brushed off 
with a wire brush. 

When correcting machining errors, or filling up sand holes 
or depressions, it is good practice to so prepare the work, by 
chipping, machining or grinding, that the final machined 
surface will allow for at least } in. of weld metal. In those 
instances where a large or deep area is to be filled, or where 
a strength weld is required, it is more economical to use 
another type of electrode, like ‘* Ferroweld,” to within 
about jin. of the machined surface, and then finish off 
with a couple of layers of ** Softweld.”” These new electrodes 
are packed in 5-lb. containers, and are obtained from 
Lincoln Electric Co., Ltd., Welwyn Garden City, Herts. 


*® Bureau of Mines Report of Investigations, 3406, 
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Iron and Steel Institute 
Additional Autumn Meeting at Cardiff 


of the Iron and Steel Institute to the United States 

of America, where arrangements had been made to 
hold the autumn meeting, seriously interfered with the 
technical programme. At the meeting subsequently 
arranged and held in London it was possible only to present 
for discussion a few of the papers specially prepared for the 
meeting in America. It was a happy thought, therefore, 
that additional autumn meetings should be held in various 
districts with the object of bringing some of these papers 
to the notice of members with a view to the promotion of 
discussion. The credit for this idea is believed to be due to 
Mr. J. 8. Hollings, a Vice-President of the Institute,who 
presided at a meeting held in Cardiff on December 2, at 
which two papers were presented for discussion: “ The 
Development of the Open-Hearth Steelmaking Processes in 
Recent Years in the United States of America,” by Mr. 
L. F. Reinartz, and ** American Soaking-Pit and Reheating- 
Furnace Design and Practice,’ by Messrs. F. M. Gillies and 
E. D. Martin. 

In addition to the above meeting, a joint meeting of the 
Sheffield Society of Engineers and Metallurgists and mem- 
bers of the Iron and Steel Institute resident in the Sheffield 
district was held in Sheffield on December 6, when the paper 
by Professor J. H. Andrew and Dr. E. M. Trent, on ‘* Quench 
Ageing of Steels,’ was presented by Dr. Trent ; Dr. W. H. 
Hatfield, a Vice-President of the Lron and Steel Institute, 
presided. On the same date a further joint meeting was 
held in Scunthorpe; this was between the Lincolnshire 
Iron and Steel Institute and members of the Iron and Steel 
Institute resident in the Scunthorpe district. The subjects 
presented and discussed at this meeting comprised papers 
from the Lincolnshire district, presented to the Symposium 
on Steelmaking, organised by the Iron and Steel Institute 
in May last, and the paper by Mr. L. F. Reinartz on “* The 
Development of the Open-Hearth Steelmaking Processes in 
Recent Years in the United States of America.” Mr. C. J. 
Walsh, President of the Lincolnshire Iron and Steel 
Institute, and an honorary member of Council of the Iron 
and Steel Institute, was in the chair. 

Arrangements have also been made to hold a joint 
meeting in Middlesbrough on December 19. This will be 
a meeting between the Cleveland Institution of Engineers 
and members of the Iron and Steel Institute resident in the 
Middlesbrough district, at which Mr. Arthur Dorman, 
Vice-President of the Iron and Steel Institute, will take the 
chair. The paper contributed to the Symposium on Steel- 
making by Mr. James Winter, will be presented for 
discussion. 


Tt E unfortunate cancellation of the visit of members 


THE CARDIFF MEETING 


The Lecture Theatre of the South Wales Institute of 
Engineers was reasonably full when Mr. Collings opened 
the meeting. After commenting on the fact that the papers 
to be presented were prepared for presentation in the 
United States of America, where the authors would have 
been able to present them and reply to discussion, he stated 
that although the members at this meeting were not in that 
happy position, they were fortunate in having Mr. P. M. 
Reinartz who had agreed to present his brother’s paper 
and endeavour to reply to questions. 


Development of the Open-Hearth Steel-Making 
Processes in recent years in the United States o 
America 
By L. F. Reryartz. 
The American steel industry owes a great part of its early 
rise to importance to the British tradition and perhaps 


especially to the Welsh pioneers in iron and steel in the 
States. Even when the author of our paper and your 
commentator began their steel-plant careers, the Welsh and 
English were still largely represented as iron-masters, 
melters, and furnace-helpers. It seems, therefore, especially 
fitting that a leading American metallurgist should have 
reported back to the source what progress has been made. 
It seems to me a particularly happy coincidence that this 
paper is to-night first presented in Wales. 

I am conscious of a double honour this evening, first, 
in the kind invitation of this representative body of 
British steel-men to present this paper—and second, in thus 
being allowed to represent the author, my brother. I think 
you will pardon the personal reference when I say that it 
has been a distinct privilege to have spent some thirteen 
years in the steel-plant under the author’s tutelage. When 
in his paper he calls attention to the necessity of constant 
close attention to detail and daily education of foremen and 
operatives, he himself has set a splendid example. Evenin his 
present position he finds apparently unlimited time to study 
and discuss with his organisation from top to bottom what to 
another might seem trivial detail. He has pointed out 
that much unceasing watchfulness and conscientious study 
rather than inventive inspiration has been responsible for 
increased quality, higher efficiency, and reduced costs. 
Perhaps a word about the author’s activity as Chairman 
of the Open-Hearth Steel Committee of the American 
Institute of Mining and Metallurgical Engineers would not 
be without interest to your own Open-Hearth Committee 
and to your Committee on the Heterogeneity of Steel Ingots, 
whose functions somewhat parallel the activities of the 
American body. 

About 1915, when Mr. Reinartz first took the chair, any 
meeting of open-hearth men was largely a contest in lying 
which might have put Ananias to shame. Between com- 
peting steel-men, production and furnace records were 
claimed which doubtless their companies would have liked 
to see realised, but which actually have hardly been 
matched now after 20 years of progress. Of course, that 
could not have happened among British steel-men! Even 
in those days, Armco was committed to a high degree of 
specialisation in low-carbon steels and iron for sheet- 
rolling purposes, and, obviously, our performance records 
at that time were no match for medium- or high-carbon 
steel practice. Therefore, when Mr. Reinartz truthfully 
placed before the Open-Hearth Committee his proof, checker 
and furnace-life records, his figures on tons per furnace-hour 
and similar statistics, the other plant men were not abashed 
to present their own, relatively better, figures for com- 
parison. 

I feel sure, the active members of the American Open- 
Hearth Committee will to-day confirm that periodic 
exchange of vital open-hearth statistics has proved to be a 
stimulus to increased effectiveness, paying handsome 
dividends to all companies represented. The author has 
recorded the phenomenal growth of the American steel 
industry as a whole, ascribing this primarily to the rich 
ore deposits of the Minnesota and Michigan ranges. Perhaps 
a more commercial man would give equal importance to the 
rapid growth and continued existence of, doubtless, the 
world’s largest and most receptive market for finished 
products in iron and steel. The author touches this com- 
mercial point when he shows that even the over-capacity 
developed during the Great War was entirely absorbed 
up to the year 1928. 

The paper goes into some interesting detail concerning 
steel-plant lay-out and open-hearth furnace construction, 
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pointing out that the trend in America is to larger stationary 
units, with the cost of a modern 150-ton furnace, including 
its share of the auxiliary plant and buildings, being £160,000 
sterling, and fixed charges of £60 sterling per day, whether 
operating or idle. .The importance of avoiding delays in 
charging, melting, refining, and disposing of each heat is 
shown. 

Concerning furnace design and construction, it will be 
seen that in the States there is close co-operation between 
the operator, the metallurgist, and the brick-mason. On 
the European Continent we have seen extremes of furnace 
maintenance at the expense of production and, therefore, 
a sluggish, slow-melting and refining, leading to detriment 
in quality. 

The great amount of work and expense in controlled 
drafts, reversal by temperature, and combustion control, 
are discussed, and their principal value seen in the closer 
attention by engineers and operatives to these important 
quality and cost factors. Extensive insulation is generally 
practised, but extremes in this are being avoided as wasteful. 
Considerable virtue is ascribed to getting the engineer and 
furnace-man down into the open-hearth cellar, thus 
assuring careful maintenance of binding, brick-work, and 
valves. Heavy, rigid furnace bindings are praised. Pre- 
ference for carefully sintered Austrian magnesite is shown, 
and careful repair after each heat and routine slagging-off 
of the bottoms is shown to be good practice. The relative 
merits of charging cycles are discussed. May I point out 
that all-scrap heats reported would hardly be recom- 
mendable in Britain, where the closer cycle of furnace to 
market-scrap to furnace has resulted in scrap contamination 
and suggests the necessity of dilution with virgin pig-metal. 
The necessity for careful dosage, not too much and not too 
little, in ore additions is recognised. 

Great stress is laid on the importance of good pit-side 
practice. Pre-heating of ladles, drying of stopper-rods, and 
their careful adjustment in operation makes saving in money 
and improvements to surface quality. The bulk of rimming 
steel is top-poured. Economy of metal and operating cost 
has resulted from killed steel hot-top improvements. The 
importance of suitable ingot dimension and shape and the 
effect of mould and metal temperature and pouring speeds 
is covered. The suggestion that painted, galvanised, and 
especially detinned scrap be segregated for only ordinary 
grades of steel, may strike a responsive cord, especially in 
Britain. 

Attention to close pig-metal analysis and temperature is 
recorded, with a nice adjustment of the lime-silica ratio 
to suit local materials and products. 

The necessarily condensed report of slag control develop- 
ment covers years of conscientious research in laboratory 
and shop. The author stresses that, whatever type of slag 
and metal control may be practised, personnel training is 
of prime importance. The extension of quality improve- 
ments to rail, structural and plate steel, heretofore slight- 
ingly called ** commodity grades,” has led to better prices, 
but nevertheless to economies in weight and construction 
cost. 

In foundry steel, the relative effect of aluminium and 
sulphur on ductility of steel castings is discussed, and the 
new quality demands placed on rimming steel ingots for 
continuous hot and cold strip-mill rolling, are shown. 
The importance of this phase of steel-making will be 
recognised because to-day 42 to 45°, of all American ingots 
are being rolled through such continuous mills for many 
kinds of flat-rolled product. The necessity for tough- 
skinned ingots, free from cracking after stripping or in 
rolling, is evident. 

The author’s remarks both as to the importance of ingot 
dimension and shape and the growing use of sodium- 
fluoride to improve internal ingot structure, may be of 
interest to your Committee on Heterogeneity. The per- 
sistence of the acid open-hearth process for important 
forgings and armament requirements is shown, together 
with a typical heat-history. 
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The space given by the author to safety and accident 
prevention is hardly proportionate to the great amount 
of effort expended in this field by practically all American 
steel companies. Safety supervision has almost universally 
become a major staff function in steel plant management. 

In conclusion, the author shows how thoroughly he 
has fallen under the ethical and romantic spell of steel- 
making, which seem to be the sine qua non for success in 
our interesting profession. 

I must beg your indulgence during the discussion if some 
of the points brought out cannot be answered at once. For 
the past 10 years I have only had the opportunity of 
observing American steel practice during my short visits 
back to the States. However, I feel free to say that any 
questions which you may wish to raise, if they cannot be 
answered from the floor, will gladly be referred back to the 
author and his answer will be submitted in writing through 
the usual channels. 

Messrs. R. P. Smith, Davies, Brooke, and several members 
contributed to the discussion, and all were agreed that 
this paper was probably the best yet presented to the 
Institute on open-hearth steel-making processes. Each 
commented on the admirable manner in which the paper 
had been presented and expressed their thanks to 
Mr. Ecwards for undertaking this work and so contributing 
to the success of the meeting. 


American Soaking-Pit and Reheating Furnace 
Design and Practice 


By F. M. anp E. D. Martin. 
Presented by Mr. K. HEADLAM-MoRLEY. 


A transformation in American soaking-pit and reheating- 
furnace design and practice has come about in the last 10 
years, which has not only made possible great savings in 
the specific operations of heating, but, through better 
quality of heating, has also influenced the economy of 
succeeding operations and greatly improved the quality 
of the product. Rolling-mill operators in America came 
only gradually to a realisation that the quality of heating 
influences the quality of steel both in subsequent rolling 
and as a finished product. The cost of poor quality of 
heating is demonstrated. Prevalent in America, wage 
payment based on the tonnage heated is a poor practice, 
while a characteristic deficiency is the designing of new 
mills with inadequate heating capacity. 

Advances in fuels, regenerators and recuperators, tight- 
ness of the furnace, control systems, refractories and heat- 
resisting alloys which have been made apply to both the 
classes of industrial furnaces discussed. An historical back- 
ground to the development of soaking-pit design leads to a 
more detailed description and discussion of four distinct 
types, together with statistics compiled by the authors to 
give a cross-section of present equipment and practice in 
America. The development of furnaces for reheating is 
presented from older types through the advent of recuper- 
ators and the appreciation of a fundamental conflict in 
design, to the necessity for zoning the furnace and heating 
the bottom of the steel. This is followed by a description 
of the main types of modern reheating furnaces, of which 
the trend is definitely towards the continuous type. 

It is concluded that much of the development came from 
necessity, and the main cause has been the great progress 
in the manufacture of rolled products. The high com- 
petition among American steel manufacturers necessitated 
consideration of all elements that are involved in the 
production of the highest quality of product cheaply. The 
wide continuous-strip mill came to meet this situation, and 
because, according to experienced rolling mill men, the 
furnaces are of major importance in any rolling process, 
the challenge of these high-capacity units had to be met. 
This forced situation did not stop at reheating equipment 
in these mills, but a recognised necessity for higher quality 
of slabs called for better blooming-mill practice. Hundreds 
of thousands of dollars were being spent annually through- 
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out the United States for slab preparation, and this, too, 
demanded attention. The soaking pits of recent construc- 
tion (approximately 150 were built in 1937) have done much 
to improve the quality of this product at their end of the 
rolling process. 

The constantly increasing labour costs in America present 
another forcing factor. Added to this also, the increasing 
opposition to work that can be considered irksome by the 
residual labour forces of America has been a motivating 
influence for more mechanisation and extended study of 
ways to bring about a situation of less dependency on 
labour. To accomplish this, the American steel industry 
has spent no less than fifteen million dollars on new equip- 
ment, of the types described by the authors, since 1934. 
Undoubtedly this is a larger expenditure than has been 
made for such equipment during any previous period in its 
existence. All this has been done at a time when American 
industry is not certain where the future is to lead it. True, 
a good portion is in new capacity and in new methods, but 
it nevertheless proves that the transition which has occurred 
in soaking pits and other reheating furnaces is immensely 
valuable both in improved quality and in much-needed 
economy. 

For these reasons it is believed that, while the American 
steel industry is passing through dark years at present, it 
will, when it emerges, utilise the developments described 
to a greater extent than at any time in its previous history. 


THE SHEFFIELD MEETING 


TxHIs meeting was held in the Metallurgical Club, Sheffield, 
with Dr. W. H. Hatfield, F.R.S., in the chair, who in calling 
upon Dr. Trent to present the paper on the quench-ageing 
of steel commented upon the importance of this con- 
tribution to knowledge on the subject. In the paper 
experiments are described on the age-hardening of a series 
of iron-nitrogen alloys of a fairly high degree of purity 
which have led to important conclusions. It is possible 
only to present a summary of the paper here. 


The Quench-Ageing of Steel 


By Professor J. H. ANDREw, D.Sc., and E. M. Trent, 
M.Met., Ph.D. 


Details are given of experiments carried out to determine 
the effect of carbon upon the rate and magnitude of ageing, 
as measured by increment in the Vickers hardness values 
ageing being brought about by quenching the normalised 
steels from temperatures below the Ac, transformation 
point. 

The effect of small additions of silicon, manganese, 
aluminium, and molybdenum have also been determined. 
The method adopted was to carburise pure iron in acetylene 
gas, along with pure iron to which the special elements had 
been added. The carburised bars were sectioned by cutting 
them at such an angle as to allow of a large number of 
hardness impressions to be taken between the carburised 
surface and the centre of the bar. 

In nearly all cases, it was found that the maximum 
increment in hardness at 25° C. occurred in a zone corre- 
sponding to a carbon content of approximately 0.035%, 
after quenching from a temperature just below the Ac, 
point. This carbon content corresponds to that amount 
which is regarded as the limit of solubility of carbon in 
a-iron. 

The addition of manganese up to 1 -0°, or of molybdenum 
up to 1-0% decreased the ageing; silicon up to 0-88% 
produced but small differences, whilst aluminium up 
to 0-47°%, brought about an increase in ageing as 
measured by hardness determinations. 

Nitrogenised iron after quenching from certain tempera- 
tures gave a much greater increment in hardness as com- 
pared with iron-carbon alloys ; further, nitro-martensite, 
unlike martensite in an iron-carbon alloy, showed con- 
siderable ageing at atmospheric temperature. The view 
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is held that the increment in hardness produced in ageing 
is due to the strain in the lattice produced by carbide 
of iron or nitride of iron, prior to their precipitation from 
solid solution. 

The effect of a Vickers diamond impression when made 
immediately after quenching for ageing and after quenching 
followed by fully ageing, is of considerable interest. In the 
former case, no effect upon the precipitation was produced, 
but in the latter the whole of the carbide or nitride imme- 
diately surrounding the impression was taken into solution. 
This clearly signifies that mechanical strain is in itself 
sufficient to bring about a re-solution of carbide or nitride, 
when such a strain is imposed at atmospheric temperature. 
Whether this is due to a temperature effect along the slip 
planes cannot as yet be stated, but further work is in 
progress relative to this problem. 


The Influence of the Cooling Rate on the 
Transformations in Steel 


EXPERIMENTS carried out by means of two different 
dilatometers are described by Franz Wever, Adolf Rose 
and Heinrich Lange,* one based on purely electric, the 
other on photo-electric principles, in order to determine 
the influence of small cooling rates on the transformations 
in steel. 

It has been found by former investigations that the 
transformation temperatures of the equilibrium diagram 
hold good only for infinitely small speeds of the change of 
temperature, and that already very small cooling rates 
bring about a surprisingly large displacement to lower 
temperatures. This displacement takes place in three stages, 
clearly distinguished from each other, and each stage 
involves certain significant changes of properties. 

As this problem has not only theoretical but also con- 
siderable practical importance, the attempt is made to 
find out by a more detailed investigation what sort of 
course the transition from equilibrium to the first under- 
cooling stage takes in carbon steels as used in practice. 

The investigated steels had carbon contents between 
0-01% and 1-68%. By means of the first instrument, 
tests are made at heating speeds of 1°/second, and cooling 
rates of 0-04° to 40°/second. The results are given in over- 
heating and undercooling diagrams. They show that both, 
overheating as well as undercooling of the A,-transformation, 
are practically independent of the carbon content. The 
A,-transformation is much more undercooled than the 
A,-transformation. The share of the pre-eutectoid pre- 
cipitation of ferrite in the total process of transformation 
of the hypo-eutectoid steels decreases therefore with 
increasing cooling rates, until only the A,-point comes into 
question. The pre-eutectoid precipitation of cementite is 
already stopped by very small cooling rates. The A,- 
transformation is much decreased by a very small cooling 
rate. 

The second instrument is especially designed for the 
smallest investigated cooling rates. It records the change 
of temperature as well as that of length. For the latter 
purpose a photo-electric device is used which is practically 
devoid of inertia. By the change of the length of the test- 
piece two lattices are displaced against each other, a fact 
which influences a current of light proportionally. This 
current is measured photo-electrically and recorded by the 
instrument as directly dependent on the temperature. The 
apparatus operates with very small test-pieces and with 
extremely light pressure of the indicator arm. The investi- 
gations with this instrument referred to the hysteresis of 
the temperature of the A,-transformation at various 
heating and cooling rates between 8° and 0-5°/minute, 
or 0-133° and 0-0083°/second—i.e., at rates which were 
generally much smaller than those used at the tests with 
the first instrument. 


* “ Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung zu 
Diisseldorf,” Vol, XX, No, 5, 
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Business Notes and News 


Trade Recovery Optimism 


There are signs that the pendulum is again preparing to 
swing in the direction of recovery, and with an international 
situation so troubled and uncertain as the present, even 
limited indications of improvement are doubly significant. 
One encouraging factor is the steady rise in the index of 
industrial activity in the United States. It is more than a 
revival of the stock and share markets and represents an 
industrial quickening which is bound to have repercussions 
on world trade. 

The figures for British industrial activity, when due allow- 
ance is made for the time-lag, are also showing signs that the 
United Kingdom is beginning to benefit by an upward move- 
ment. Encouragement might also be drawn from the high 
level of retail trade, the daily sales of which had increased by 
about 24% this year. And, on a longer view, there could be no 
doubt of our ability to withstand a trade setback to-day better 
than in the crisis year 1931. In the interval, effective steps 
have been taken to secure the home market, and generally 
the home market is more important than the export market ; 
but there is every indication that the export market will 
benefit from improved trade. 


Birmid Industries, Ltd. 


The recent report of Birmid Industries, Ltd., shows that 
its subsidiary companies earned increased profits as compared 
with a year ago. The component companies are engaged in 
the production of aluminium and magnesium alloy castings, 
and in the rolling of sheet for use in the aeroplane, motor-car, 
and general engineering industries. One of the products of a 
subsidiary company, “ Birmabright,”’ is making considerable 
progress in its application to shipbuilding and marine engineer- 
ing uses. This is an aluminium aJloy which possesses remark- 
able resistance to atmospheric corrosion and is giving excellent 
service in marine applications, because of its resistance to 
sea-water corrosion. About 70 or 80 ships’ lifeboats have now 
been made in this material, and the demand is increasing. 
In a subsequent issue, we shall deal with the properties of 
** Birmabright ” and direct attention to some of its applications. 

The output for the year of all the subsidiaries has been 
maintained, despite the recession in the motor-car industry 
and the consequent reduction in the amount consumed, since 
the loss has been more than compensated by a substantial 
increase in the aircraft and general engineering business. 


Plea for Government Support of Shipping 


That British ships should receive the full backing of Govern- 
ment departments was the opinion expressed by the Rt. Hon. 
Lord Essendon at the recent general meeting of the Prince 
Line, Ltd. He did not regret the standard of safety, of 
manning, or wages on which British ships are operated under 
present conditions, but shipowners did expect that at least they 
should have the same measure of support as their foreign 
competitors received. Although not desirous of using the 
occasion for submitting suggestions as to how the shipping 
industry can best be helped through the existing period of 
unremunerative freights and high shipbuilding costs, it is not 
without interest to recall that in somewhat similar cireum- 
stances, although in different degree and for different reasons, 
the United States Government have adopted the principle of a 
subsidy to their shipowners to cover the difference between 
operating costs under the American flag as compared with 
foreign flag tonnage, and a further subsidy to shipbuilders to 
cover the difference between American building costs and costs 
abroad. In this way the United States Government takes 
care of the difference between the standards of life established 
by their political economy and lower standards of other 
countries. 


FOR SALE 


SECOND HAND FURNACES. 

BRAYSHAW GAS HEATED NATURAL DRAUGHT OVEN FURNACE. 
Dimensions of chamber 12in. wide by 9 in. high by 18 in. deep, with 
temperature regulator, Pyrometer and heat meter. 

BRAYSHAW WATURAL DRAUGHT TEMPERING BATH FURNACE. 
Pot 18 in. diameter by 19 in. deep, with thermometer. 


Apply MONTROSE GAS CO. LTD., 36, Lower Hall Street, MONTROSE. 
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Ley’s Foundries 


Ley’s Foundries and Engineering, Ltd., which ‘comprise 
Ley’s Malleable Castings Co. and the Ewart Chainbelt Co., 
has made good progress during its second year of operations. 
Foundry capacity has been increased and the firm claims to 
have the most efficient equipment for producing 600 tons of 
castings per week at an economical price. In addition to new 
melting and moulding plants, an annealing equipment of 
improved design has been installed which gives exceptionally 
close control of temperature and constitutes a valuable addition 
to the existing pulverised coal ovens and electric short-cycle 
annealing ovens. 

The principal product is blackheart malleable iron 
castings, but there is an increasing demand for this company’s 
‘“Lepuz’”’ metal for a variety of applications, particularly 
brake drums for both passenger and commercial vehicles. 
The company is also regularly making castings in “‘ Nihard ” 
material, which has excellent abrasion-resisting qualities, and 
is especially suitable for parts subjected to severe wearing 
conditions. 

Demand for the products of both operating concerns appears 
to be expanding. So far as the malleable castings are con- 
cerned, the business suffered its first check during the year 
after a long period of expansion, but apparently the con- 
traction in normal trade was largely offset by armament 
orders, but the foundry is admirably placed to participate to 
the fullest extent in any continued recovery of trade, whether 
in executing orders for blackheart malleable castings or for 
various wear-resisting alloys. 


New Bessemer Shop at Krivoi Rog 


The building is being completed of a huge Bessemer shop 
at the Krivoi Rog Metallurgical Works The shop will be the; 
largest and best equipped of its kind in the U.S.8S.R. It wil 
have an output capacity of 1,700,000 tons of steel a year. 
Its daily output of high quality metal will be 5,200 tons. The 
whole of its plant has been manufactured in the Soviet Union. 


Extension of Chesterfield Tube Works 


An interesting ceremony took place on December 8, when 
the Rt. Hon. the Earl of Stanhope, K.G., D.S.O., M.C., First 
Lord of the Admiralty, officially opened the works extensions 
of the Chesterfield Tube Co., Ltd., by setting a large piercing 
press in operation on an 8-ton pre-heated steel ingot. The 
building housing the new plant installed comprises two 
parallel bays, one 660 ft. long, 100 ft. wide, and 60 ft. high, 
the other 615 ft. long, 50 ft. wide, and 33 ft. 6in. high. Owing 
to the size and weight of the principal units of the plant, 
extensive excavations and foundations were necessary, 
reaching in some cases to a depth of 45 ft. below floor level. 

The plant consists of a vertical, hydraulic, triple cylinder, 
billet-piercing press of a power to operate on a billet or ingot 
having a weight of 20 tons. Auxiliary hydraulic cylinders are 
fitted for moving the container from under the press and 
ejecting the pierced bloom. The press, which has a total weight 
of 850 tons, is capable of producing in one operation a hollow 
forging 9 ft. in length. The horizontal, hydraulic tube draw 
bench is also of the triple cylinder type, the maximum stroke 
being 40 ft., and hollow blooms of approximately 20 tons can 
be mandrel drawn. The draw bench has an overall length of 
146 ft., and weighs over 500 tons. 

The furnace equipment comprises a bogie tunnel furnace of 
the multi-pass regenerative type, with a temperature range 
up to 1,300° C., a soaking pit furnace of the multi-pass regenera- 
tive type, designed for a maximum working temperature of 
1,300° C., and a recuperative tube reheating furnace. The 
furnaces are fired by gas, piped from the coke ovens of local 
collieries, and the annual gas consumption is estimated at 
three hundred million cubic feet. 

The hydraulic equipment for the piercing press and the 
draw bench consists of three pumps, each driven by a 6,600 
volt 3-phase synchronous motor of 600 h.p. The accumulator 
is of the air hydraulic type, comprising air and water receivers. 
The pumps are arranged to run continuously when the plant 
is working; electrically operated valves controlling the 
supply of pressure water to the accumulator according to the 
demand from the machines. With little exception, the plant 
and equipment is of British manufacture, and has been erected 
in co-operation with and to the design of the Loewy Engineering 
Co., Ltd., of London, the consulting engineers to the company. 


15 
at? 


76 
ALUMINIUM. 
98/90% Purity .......... £100 0 
ANTIMONY. 
560 
BRASS. 
Solid Drawn Tubes ...... lb, O 1 
| 
*Extruded Brass Bars ..... 0 0 
COPPER. 
Standard Cash ........... £43 «7 
49 5 
Best Selected ............ 48 12 
ne 48 2 
49 17 
Solid Drawn Tubes ...... lb O 1 
Brazed Tubes ........... ae | 
FERRO ALLOYS. 
tTungsten Metal Powder, 
Ib. £0 4 
{Ferro Tungsten nominal 4 
Ferro Molybdenum 
Ferro Chrome, 60-70°,, Chr. 

Basis 60°, Chr. 2-ton 

lots or up. 

2-4°,, Carbon, scale 12 
Carbon, scale 8 
=\68 Carbon, scale 7 6 
4 | 8-10, Carbon, scale 7/6 

§Ferro Chrome, Specially Re- 

fined, broken in small 

pieces for Crucible Steel- 

work. Quantities of 1 ton 

or over. Basis 60°, Ch. 

Guar. max. 2%, Carbon, 

scale 12/6 per unit... 37 
Guar. max. 1°, Carbon, 

scale 13 per unit .... » 3 0O 
§Guar. max. 0.5%, Carbon, 

scale 13/— per unit 49 0 
Manganese Metal 97-98%, 

{Metallic Chromium ....... 0 2 
§Ferro-Vanadium 0 14 
§Spiegel, 18-20% ......... ton ll O 
Ferro Silicon— 

Basis 10°, scale 3 

per unit nominal .... ton 10 5 

20 basis scale 

45,50°, basis 45%, scale 

5/— per unit ........ 12 10 
70/80°%, basis 75%, scale 

7/- per unit ........ 
90 /95%, basis 90%, scale 

10/— per unit ....... 30 
§Silico Manganese 65/75°%, 

Mn, basis 65% Mn .. ,, 15 15 
§Ferro - Carbon Titanium, 

Ib 0 0 
Ferro Phosphorus, 20-25% ton 22 0 
§Ferro-Molybdenum, Molyte Ib. 0 4 
§Calcium Molybdate ....... » O 4 

FUELS. 
Foundry Coke 

Seotiond......... 1 15 

1 14 

Furnace Coke 

Scotland......... 10 

1 7 

* McKechnie Brothers, Ltd., Dee. 12. 


Subject to Market fluctuations. 


§ Prices ex warehouse, Dec. 12. 
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MARKET PRICES 


GUN METAL. 

*Admiralty Gunmetal Ingots 

£65 0 0 
*Commercial Ingots ....... 48 0 0 
*Gunmetal Bars, Tank brand, 

lin. dia. and upwards .. Ib. 0 0 I1 

ii 

MANUFACTURED TRON. 

Scotland 

N.E. Coast— 

12215 O 

115 

Common Bars ......... 12 10 
Lancashire 

Crown Bars. 13 10 O 

14 2 6 
Midlands 

Marked Bars........... 115 0 

Unmarked Bars ....... — 

Nut and Bolt 

1115 O 

S. Yorks.— 

PHOSPHOR BRONZE. 

*Bars, Tank” brand, | in. 

dia. and upwards—Solid lb. £0 0 I1 
0 0 11} 
+Sheet to 1OW.G. ........ 11} 
+10%, Phos. Cop. £33 above B. S. 


15°, Phos. Cop. £38 above B.S. 
*tPhos. Tin (5°) £32 above English Ingots. 


PIG IRON. 
Scotland 
Hawmatite M/Nos. ........ £6 13 0 
re 518 0 
N.E. Coast— 
Hematite No. 1 .......... 613 0 
5 9 O 
@ 5 8 O 
Silicon 
Midlands— 
N. Staffs. Forge No. 4 .... 5 0 
Foundry No. 3.. 
Northants— 
Derbyshire Forge............ 510 0 
Foundry No. 1... 514 0O 
Foundry No. 3 511 
West Coast Hematite ....... 7 48 
East 7 3 6 
SWEDISH CHARCOAL IRON 
AND STEEL. 
Export pig-iron, maximum per- 
centage of sulphur 0-015, of 
phosphorus 0-025. 
Per English ton ........ Kr.170 
Billets, single welded, over 0-45 
Carbon. 
Per metric ton ......... Kr.335-385 


Per English ton .. £17 11 3/£20 3 9 
Wire Rods, over 0-45 Carbon. 
Per metric ton ......... 
Per English ton .. £19 12 
Rolled Martin Iron, basis price. 
Per metric ton 
Per English ton .. 
Rolled charcoal iron, finished 


Kr.375-405 
2/£21 49 
Kr.230-250 
2/£13 2 2 


bars, basis price. 
Per metric ton ......... Kr.360 
Per English.ton ........ £18 17 6 
f.o.b. Gothenburg. 
+ C. Clifford & Sons, Ltd., Dee. 12. 


SCRAP METAL. 


Copper, Clean 


Zine 
Aluminium Cuttings 
Lead 
Heavy Steel— 
Cleveland 
Cast Iron— 
Midlands 
S. Wales 
Cleveland 
Steel Turnings— 
Cleveland 
Cast Iron Borings— 
Cleveland 


India 


STEEL. 
Ship, Bridge, and Tank Plates. 
North-East Coast 
Boiler Plates (Land) Scotland. . 

(Marine) 
(Land), N.E. Coast 
(Marine) 
Scotland 
North-East Coast . 
Midlands 


Angles, Scotland ............ 
Joists 
Heavy Rails 
Fishplates 
Light Rails 
Sheftield— 
Siemens Acid Billets....... 
Hard Basic .. £6 17 6 to 
Medium Basic, £6 12. 6 and 
Manchester 
Scotland, Sheets 24 B.G. 


tebe wun 


ll 
12 


bo 


~ 
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HIGH-SPEED TOOL STEEL. 


Finished Bars 14% Tung- 

Finished Bars 18% Tung- 

Extras : 
Round and Squares, 4 in 

Under }in. to Rin. ..... » 
Round and Squares, 3in... ,, 0 
Flats under lin. xjin.... ,, 

TIN. 
Standard Cagh £215 
215 
Tin Plates I.C. 20 x 14 box 1 
ZINC. 
English Sheets ............-. £28 
16 
Battery 
Boller 
LEAD. 
t Murex Limited, Dec. 


Buyers are advised to send inquiries for current prices when “about to place order. 
* The prices fluctuate with the price of Tungsten. 
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0 


0 810 0 
59 
14 0 0 
2 310 0 
98 3.6 «0 
5 
10 O 
6 0 
0 
6 13. (0 
6 
6 
6 » » 6 
6 
1 
l SPELTER. 
£9 5 
1415 0 
14 0 0 
£11 10 0 
1110 0 
0 0 
0 
12 0 0 
0 
ll O 6 
0 lil 6 
ll O 6 
Il 6 0O 
} 10 2 6 
14 2 6 
10 7 6 
0 ll | 0 
10 6 
0 10 0 
a 8 0 
0 ll 0 
3 ll 0 
5 15 0 
0 
0 
3 
0 
3 10 
0 0 3 
1 
0 4 
; 0 3 
0 1 
0 
0 0 
44 0 0 
0 
9 0 0 
5 0 3 
15 
0 0 
0 
6 
0 
6 2 6 
5.0 
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ELEKTRON 


RECISTERED TRADE MARK 


the pioneer 
MAGNESIUM ALLOYS 


® Sole Producers and Proprietors of the Trade Mark “Elektron”: MAGNESIUM ELEKTRON LIMITED. Works, near Manchester @ Licensed Manufacturers : 
Castings: STERLING METALS LIMITED. Northey Road, Foleshill, Coventry © THE BIRMINGHAM ALUMINIUM CASTING (1903) COMPANY LIMITED, Birmid 
Works, Smethwick, Birmingham © J. STONE & COMPANY LIMITED, Deptford, London, S.E.14 © Sheet, Extrusions, Forgings & Tubes: JAMES BOOTH & 
CO. (1915) LIMITED, Argyle Street Works. Nechells, Birmingham, 7 © Sheet, Extrusions, Etc.: BIRMETALS LIMITED, Woodgate, Quinton, Birmingham 
© Suppliers of Magnesium and ‘‘Elektron’’ Metal for the British Empire: F. A. HUGHES & CO. LIMITED, Abbey House, Baker St., London, N.W.1 


40°. LIGHTER THAN ALUMINIUM — COMPARABLE IN STRENGTH 
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When METALS are 


discussed, whether 
Ferrous or Non-Ferrous 
Executives refer to 


HE editorial responsible for METALLURGIA offers 
} only the best, and this prestige is retained by 
publishing views contributed by world-wide 
authorities on every aspect of ferrous and non-ferrous 
metallurgy. 
The quality of the literary pages of METALLURGIA 
demands attention, therefore METALLURGIA is out- 
standing as an Advertising Medium for the industry 
it claims to represent. 
Make use of the advantages it offers, and its subscribers 
at home and overseas, which include a wide audience of 
responsible executives, will familiarise themselves with 
your products. 


METALLURGIA 


_ THE BRITISH JOURNAL OF METALS - 


Published on the - of every month 


THE KENNEDY PRESS LTD., 21, Albion Street, Gaythorn, MANCHESTER 1. 


Telephone: Central 0098. Telegrams: ‘’ Kenpred, Manchester.” 


Telephone, BLAckFfriars 4291-2 


Pictures put personality into print—they emphasize your 
message, and enhance the appearance of the text. Further, 
pictures are understocd by all classes and races, and form 
the most pleasing and practical method of portraying the 
goods or service you have to sell. A leaflet, folder, booklet, 
catalogue, or an advertisement without an illustration, lacks 
punch and persuasive power. 

Upon receipt of a request to call, one of our principals will 
be pleased to explain to you the advantages of our service. 
Why not write or ‘phone TODAY ? 


PHOTO PROCESS ENGRAVERS 
HIGH.CLASS THREE-COLOUR BLOCKS 
ARTISTS AND DESIGNERS 
COMMERCIAL PHOTOGRAPHERS 


« 
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goTERMETs 


DIE CAST 
IMPELLER 


(Right). An interesting example of a 
difficult casting of which large quanti- 
ties have been supplied in varying sizes 
as sand and gravity die castings. 

(Below). Complete assembly of one of 
the many Vulcan Sinclair Couplings in 
which these castings are used. This 
would transmit 5 h.p. at 720 r.p.m. or 
80 h.p. at 3,000 r.p.m. with correspond- 
ing intermediate figures. Photograph 
by courtesy of the Hydraulic Coupling 
& Engineering Co. Ltd., of Isleworth. 


_ COVENTRY 
(5 LINES) 


FILE 


THIS 
IN YOUR 
CABINET 


You will then 
be able to re- 
fer to contents 


of previous 


issues easily. 


METALLURGIA. 


Our 


New Admiralty Laboratory at 
Sheffield 
Opened by Sir William Bragg: 
brief information regarding _ the 
equipment of this new Laboratory 
is given. 


Heat-treatment Research and Devel- 
To assist in the development of 
proper technique in various heat- 
treatment operations a research and 
development department is described. 

Progress 

Substantial Cuts i in Steel Price es 

Correspondence ; 

Some Notes on Recent ‘Dev depmente 
with Nickel Alloys as a Result of 
Progress in Research. 
Recent developments with nickel 
alloys is discussed with particular 
reference to nickel-copper alloys, 
heat- and corrosion-resisting alloys, 
nickel-copper steels, and nickel cast 
iron. 

Fatigue in Steels 

Copper and Copper Alloys. 
Miller, M.Sc. 
Recent work on copper and its alloys 
is reviewed and attention directed to 
developments in production and pro- 
perties of copper and many alloy 
groups. 

Relationship Between the Mechanical 
Properties and Results in Service. 
By L. W. Schuster, M.A. 

In this article the Izod test is dis- 
cussed in relation to results in service. 


By H. J. 


experience and 
knowledge in the pro- 
duction of castings in 
light metals, extending 
over many years, is at 
your disposal on all 
your problems. 
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HYDRAULIC 


Contents. 


Page 


38 


39-40 | 


43 


41 
42 
42 


46 


46 


The Behaviour of Sulphur in the 
Basic Open-Hearth Process. By 
D. Manterfield 
The behaviour of sulphur in  open- 
hearth furnaces has been investi- 
gated ; the series of experiments is 
desc ribed, and the results discussed. 
Loded Cast Irons 

Corrosion- and Heat-resisting Steels. 
By Dr. W. H. Hatfield, F.R.S 
The advance in the technology of 
corrosion and heat-resisting alloys 
is discussed. Progress in the develop- 
ment of these steels is emphasised. 

Aeroplane Propeller Blade Life 

Industrial Management and Produc- 
tion Control. By F. L. Meyenberg 
The position of the stores in the 
organisation and layout of works is 
discussed. The flow of material 
carried by the stores is described and 
brief reference made to control. 

World Capacity for Aluminium Pro- 

duction. By Robert J. Anderson, 
D.Se. 
The prese ne stage of ‘aluminium 
development is of great interest, and 
in this article the situation in regard 
to world capacity and its distribution 
among countries is examined. 

High-Nickel Nickel-Chromium-Iron 


Alloys, for Furnace Work. By J. 
O. Hitcheock, B.Se. 
Heat-treatment operations enable 


metals to be used in the design of 
suitable furnaces ; some properties 
required in such metals are described. 
Iron and Steel Institute . 
Additional Autumn Meetings. 


Page 


69-71 


ALUMINIUM 


SAND & DIE CASTINGS 
NORMAL AND HEAT TREATED 
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Local All 
Surface wearing 
Hardening parts 
with can 
Precision be 
(patented) Shorterised 


SHORTER PROCESS CO. Ltd. 
Savile Street East, Sheffield 4. 


AMSLER 
TESTING MACHINES 


Unequalled for rapid and accurate testing, 
for ease of operation and for low 
maintenance costs 


T. C. HOWDEN & Co., 
5 & 7, Fleet Street, Birmingham, 3 


There is a **HARDENITE”? case-hardening 
compound suitable for any case-hardening 
operation, whether it be a question of uniformity, 
quick penetration, repetition, absence of freckle, or 
rapid case-hardening in the open hearth. 
“Hardenite” compounds are made solely by 


The 


AMALGAMS Co., Ltd. 
184, Attercliffe Rd., SHEFFIELD. 


HE PROPRIETORS of British Patent No 434531 relat- 

ing to improvements in Coating Iron and Steel with Alu- 
minium or an alloy thereof is desirous of entering into negotia- 
tions with one or more firms in Great Britain for the purpose 
oi exploiting the above invention either by the sale of the 
Patent Rights or by the grant of a Licence or Licences to 
manufacture on royalty. Enquires should be addressed to 
Abel and Imray, 30, Southampton Buildings, London, W.C.2 


| 
| 


HE PROPRIETORS of the BRITISH PATENT 

No. 462380 for “ Process for the manufacture of | 
articles resistant to gaseous cosrosion,” are prepared to | 
enter into negotiations for the SALE of the patent or | 
for the grant of LICENCES thereunder. Any enquiriss 
to be addressed to Carpmaels and Ransford, 24, South- 
ampton Buildings, London, W.C.2. 


ADVERTISERS’ ANALYSIS 


Acids 
Imperial Chemical Industries, Ltd., Imperial Chemical House, 
London, S.W. 1. 
Alloys 
J. H. Clifton, London. 
Electric Furnace Products Co., Ltd., Norway. 
Aluminium and its Alloys 
Aluminium Union, Ltd., The Adelphi, Strand, London, W.C. 2. 
British Aluminium Co., Ltd., King William St., London, E.C. 4. 
High Duty Alloys, Ltd., Trading Estate, Slough. 
Wm. Mills, Ltd., Birmingham. 
Northern Aluminium Co., Ltd., Bush House, London, W.C. 2. 
Perry Barr Metal Co., Ltd., Birmingham. 
Anti-Friction Metals 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 
Brass and Bronze 
Clifford, Chas. and Son, Ltd., Birmingham. 
1.C.I. Metals Ltd., Birmingham. 
John Holroyd, Ltd., Rochdale. 
Manganese Bronze & Brass Co., Ltd., Handford Works, Ipswich. 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 
Casehardening Compounds 
Amalgams Co., Ltd., Attercliffe Rd., Sheffield. 
G.W.B. Electric Furnaces, Ltd., Belgrave House, Belgrave 
St., W.C. 1. 
1.C.1. Cassel Cyanide. 
Kasenit Ltd., Holyrood St., Bermondsey St., London, 8.E. 1. 
Castings (Iron) 
Rudge Littley Ltd., West Bromwich. 
Wallwork, H., and Co., Lid., Roger St., Manchester. 
Castings (Non-ferrous) 
Magnesium Castings and Products, Ltd., Slough. 
Manganese Bronze & Brass Co. Ltd., Handford Works, Ipswich. 
William Mills, Limited, Grove St., Birmingham. 
Mond Nickel Co., Ltd., Thames House, Millbank, London, 8.W. 1. 
Northern Aluminium Co. Ltd., Bush House, Aldwych, London, 
W.C. 2. 
Sterling Metals Ltd., Coventry. 
Co, Recorders 
Honeywell Brown, Ltd., 70, St. Thomas St., London. 
Coke-Oven Plant 
Gibbon Bros., Ltd., Albert Rd., Middlesbrough. 
Woodall Duckham, Vertical Retort & Oven Construction Co., 
(1920), Ltd. 
Crucibles 
Morgan Crucible Co. Ltd., Battersea Church Rd., London, S.W. 11. 


Electrodes 
British Acheson Electrodes, Ltd., Sheffield. 
Extruded Sections 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 
Northern Aluminium Co., Ltd., London. 
Extruded Rods and Sections 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 
Northern Aluminium Co., Ltd., London. 
Fluxes 
Foundry Services Ltd., 285, Long Acre, Nechells, Birmingham. 
Imperial Chemical Industries Ltd., Dept. C. 6, Imperial Chemical 
House, London, 8.W. 1. 
Forgings 
Northern Aluminium Co., Ltd., London. 
Foundry Preparations 
Foundry Services Ltd., 285, Long Acre, Nechells, Birmingham. 
Imperial Chemical Industries Ltd., Dept. C.6, Imperial Chemical 
House, London, 1. 
J. W. Jackman & Co., Ltd., Vulean Works, Blackfriars Rd., 
Manchester. 
Thos. Wilkinson & Co., Ltd., Middlesbrough. 
Furnaces (Electric) 
Birmingham Electric Furnaces, Ltd., Erdington, Birmingham. 
Demag Electrostahl, Germany. 
Electric Furnace Co., Ltd., 17, Victoria St., London, S.W. 1. 
General Electric Co., Ltd., Magnet House, Kingsway, W.C. 2. 
G. W. B. Electric Furnaces, Ltd., Belgrave House, Belgrave St., 
London, W.C. 1. 
Kasenit Ltd., Holyrood St., Bermondsey St., London, S.E. 1. 
Metalectric Furnaces Ltd., Cornwall Rd., Smethwick, Birmingham. 
Morgan Crucible Co. Ltd., Battersea Church Road, London, 
S.W. 11. 
Siemens Schuckert, Ltd., New Bridge Street, London. 
Wild-Barfield Electric Furnaces, Ltd., Elecfurn Works, North 
Rd., London, N. 7. 
Furnaces (Fuel) 
Brayshaw Furnaces Ltd., Manchester. 
British Furnaces Ltd., Chesterfield. 
Burdon Furnace Co., Hillington, Glasgow. 
Cassel Cyanide Co., Ltd., Room 1702, Imperial Chemical House, 
London, 1. 
Dowson and Mason Gas Plant Co., Ltd., Levenshulme, Manche,ter. 
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Furnaces (Fuel) 
Gibbons Brothers, Ltd., Dudley, Worcestershire. 
Incandescent Heat Co., Cornwall Rd., Smethwick, Birmingham. 
Kasenit Ltd., Holyrood St., Bermondsey St., London, S.E. 1. 
King, Taudevin & Gregson, Ltd., Sheffield. 
Ofag Ofenbau, Diisseldorf, Germany. 
Priest Furnaces Ltd., Albert Road, Middlesbrough. 
Wellman Smith Owen Engineering Corporation Ltd., Victoria 
Station House, London. 
Fused Blocks 
Imperial Chemical Industries Ltd., Dept. C.6, Imperial Chemical 
House, London, S.W. 1. 
Gas 
British Commercial Gas Association, Gas Industry House, 1, 
Grosvenor Place, London, 8.W. 1. 
Gears 
Wallwork, Henry, and Co., Ltd., Red Bank, Manchester. 
Shorter Process Co., Ltd., Savile St. East, Sheffield. 
Gun Metal Ingots and Rods 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 
Hardening Metals 
Shorter Process Co. Ltd., Savile St. East, Sheffield. 
I.C.I. Cassel Cyanide. 
Heating Plants 
Nu-way Heating Plants, Macdonald St., Birmingham. 
Ingots (Non-Ferrous) 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 
Ironfounders. 
Joshua Bigwood & Son, Ltd., Wolverhampton. 
Machinery 
Joshua Bigwood & Son, Ltd., Wolverhampton. 
Machine Tools 
Sanderson Brothers and Newbould Ltd., Sheffield. 
Magnesium Alloys 
F. A. Hughes Ltd., London. 
Magnesium Castings, Ltd., Slough. 
Sterling Metals, Ltd., Coventry. 
Magnetic Separators, Clutches, Chucks, and Lifting Magnets 
Electromagnets, Ltd., 48, High St., Erdington, Birmingham. 
Motors (Electric) 
Metropolitan-Vickers, Ltd., Trafford Park, Manchester. 
Naval Brass Ingots 
McKechnie Bros. Ltd., Rotton Park St., Birmingham. 
Non-Ferrous Metals 
Birmetals, Ltd. 
Reynolds Tube Co., Tyseley, Birmingham. 
1.C.I. Metals Ltd., Kynoch Works, Witton, Birmingham, 6. 
McKechnie Bros. Ltd., Rotton Park St., Birmingham. 
Perry Barr Metal Co., Ltd., Birmingham. 
Oil Engines 
Mirrlees Bickerton & Day, Ltd., Stockport. 
Pig Iron 
Barrow Hematite Steel Co., Ltd., Barrow-in-Furness. 
Bradley & Foster, Ltd., Darlaston. 
Presses 
Eumuco Ltd., Beverley Works, Willow Ave., Barnes, London, 
S.W. 13. 
Schloemann, A.-G., Diisseldorf, Germany. 
Protection of Metal Parts for Use at High Temperatures 
Calorizing Corporation of Great Britain, Ltd., 32, Farringdon 
St., London, E.C. 4. 
Pulverised Fuel Equipment 
Alfred Herbert Ltd., Coventry. 
Pyrometers 
Cambridge Instrument Co., Ltd., London. 
Electroflc Meters Ltd., Abbey Rd., Park Royal, London, N.W. 1. 
Ether Ltd., Tyburn Rd., Birmingham. 
Honeywell Brown, Ltd., 70. St. Thomas St., London. 
Integra Co., Ltd., 183, Broad St., Birmingham, 15. 
Metalectric Furnaces Ltd., Cornwall Rd., Smethwick, Birmingham. 
Recording Instruments 
Cambridge Instrument Co., Ltd., London. 
Dine Engineering Co., 60, Mount St., Nechells, Birmingham. 
Electroflo-Meters Co., Ltd., Abbey Rd., Park Royal, London, 
N.W. 10. 
Ether, Ltd., Tyburn Rd., Birmingham. 
George Kent Ltd., Luton, Beds. 
Integra Co., Ltd., 183, Broad St., Birmingham, 15. 
Metalectric Furnaces Ltd., Cornwall Rd., Smethwick, Birmingham. 
Refractories 
Carborundum Co., Ltd., Trafford Park, Manchester. 
J. and J. Dyson, Ltd., Stannington, Sheffield. 
Kingscliffe Insulating Products, Ltd., Sheffield. 
Thos. Marshall and Co., Loxley, near Sheffield. 
Morgan Crucible Co., Ltd., Battersea Church Rd., London, 
S.W. 11. 
John G. Stein & Co., Bonnybridge, Scotland. 
Regulators 
Honeywell Brown Ltd., 70, St. Thomas St., London. 
Roll Grinding Machines 
Craven Bros. Ltd., Reddish, Stockport. 
Roll Manufacturers 
Tennent Ltd., Whifflet Foundry, Coatbridge, Scotland. 
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Subscription Form 


METALLURGIA 


To 
THE KENNEDY PRESS LTD., 
ALBION STREET, 
GAYTHORN, MANCHESTER I. 


Please send us “* METALLURGIA “ 


monthly until countermanded at our 
discretion, 


Invoice @ 12/- half-yearly 


Rolling Mills 
Demag, A.-G., Germany. 
Ehrhardt and Sehmer, Saarbriicken. 
Fried. Krupp Grusonwerk A.-G. Magdeburg, Germany. Sole 
Rolling Mills 
Agents in Great Britain: J. Rolland and Co., 2, Victoria St., 
London, 8.W. 1. 
Lamberton and Co., Coatbridge. 
Maschinenfabric Froriep, Rheydt, Germany. 
Rheinische Walzmachinenfabrik, Germany. 
Robertson, W. H. A., and Co., Ltd., Bedford. 
August Schmitz, A.-G., Germany. 
Karl., Fr. Ungerer., Germany. 
Silver Soider 
Chas. Harrold & Co. Ltd., 283, St. Paul’s Square, Birmingham. 
Steels 
Barrow Hematite Steel Co., Ltd., Barrow-in-Furness. 
Edgar Allen & Co., Ltd., Imperial Steel Works, Sheffield. 
L. Cameron & Sons, Ltd., Sheffield. 
Daniel Doncaster & Sons, Ltd., Sheffield. 
Darwins, Ltd., Sheffield. 
Dunford & Elliott, Ltd., Sheffield. 
Thos. Firth & John Brown, Ltd., Sheffield. 
English Steel Corporation Ltd., Sheffield. 
Sanderson Bros. and Newbould, Ltd., Sheffield. 
United Steel Companies, Ltd., Sheffield. 
Steel Sections 
Barrow Hematite Steel Co., Ltd., Barrow-in-Furness. 
Steel Tubes and Sections 
Reynolds Tube Co., Tyseley, Birmingham. 
Steelworks Plant 
Wellman Smith Owen Engineering Corporation, Ltd., Victoria 
Station House, London, 8.W. 1. 
Temperature Controllers 
Cambridge Instrument Co., Ltd., London. 
Electroflo-Meters Co. Ltd., Abbev Rd., Park Royal, London. 
Ether, Ltd., Tyburn Rd., Birmingham. 
Honeywell Brown, Ltd., 70, St. Thomas St., London, S.E. 1. 
Integra Co., Ltd., 183, Broad St., Birmingham, 15. 
George Kent, Ltd., Luton. 
Testing Machines 
Howden, T. C., and Co., 517, Fleet Street, Birmingham. 
Thermostatic Controls 
Honeywell Brown Ltd., 70, St. Thomas St., London. 
Tube Drawing Plant 
Sundwiger Eisenhiitte, Sundwig, Germany. 
Turbines 
Richardson, Westgarth Ltd., West Hartlepool. 
Vitreosil Combustion Tube 
Thermal Syndicate, Ltd., Wallsend-on-Tyne. 
X-Ray Apparatus 
Victor X-Ray Corporation Ltd., London and Chicago. 
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Birmetals, Ltd. 


British Furnaces . 


Demag, A.-G. 


Ether, Ltd. .. 


Eumuco Ltd. 


Imperial Chemical Industries Ltd. 
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